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AnndaI Report of the GeoiiOgical Survey op India, and of the Gbologioad 
Museum, Calcutta, fOr tee tear 1882. 


The most important result of the past season’s work has been the proving of 

South Rbwah : Umaeia Umaria at the west end of the 

COAX. FIELD. South Rewah Gondwana basin, within 34 miles of Katni 

Mr. Hughes. Station on the East Indian Railway. This field was men¬ 

tioned in the last annual report, and Mr. Hughes had given a notice of it, in 
the Records for 1881 (Vol. XIV, pt. 4). The actual area of exposed coal mea¬ 
sures is small (about 5 square miles), in an angle between the gneissic rocks 
and the great spread of newer Gondwdna sandstone to the north-east. The out¬ 
crop of coal had been known for many years, but its appearance at the surface 
was not promising. All this area had beeif surveyed in 1872 by Mr. Hacket, 
without distinguishing the true coal measures; but, from what I had seen of 
the ground (in March 1869), on a preliminary inspection between Raniganj and 
Jabalpur, I was aware that further examination would be necessary before 
anything could bo published. Mr. Hughes’ success yras then no chance find; 
he recognised a difference between the Umaria sandstone and that of the adjoin¬ 
ing area, and he had close searoh made for fossils, from the evidence of which 
there was no longer any doubt of these rocks being on the horizon of the 
regular coal measures. He then at once marked sites forkial borings; and these 
were carried out with very commendable expedition ly the local authorities. The 


results as to the extent^ thickness, and quidity of the coal are yeiy {umnlaing. 
A notice of these borings wSa given by. Mr. Hughes In tha Reecrds for August 
last. Railway surveys are now |fing made for a line fmm v gafanf to the^oal 

field* ) >' .' '' ’ , 1 < t 


The field thus opened to 
possible Bonrce of coal for tbe 
of it lies the immense oc»l . 
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Shahfu^ coal 
BOIUNOS. 


agricnltnral produce and the natural entrepdfc for the surrounding forest tracts. 
From Sohdgpur southwards lies the least difficult line of communication between 
southern India, into the plains of Ghhattisg^arh, leading down 
valley to Cuttack, and up it over the plateau of Bastar to 

important result of this new opening is the opportunity it gives 
on manufacture. I know of no spot in India where there is 
it supply of a variety of first class iron ores as in the neighbour- 
Much of the lime now used in Calcutta comes from Katni, and 
|uisitea will probably be forthcoming, if the coal fulfils our expectations. 

Mr. Hughes extended his, survey of the Sohdgpur coal field eastwards into 
Sirgujah., He reports in veiy encouraging terms of the services rendered by 
Sub-Assistant Hira Lai. 

In the annual report for 1877 (Rec. XI, p. 7) a notice was given of the 
explorations for coal in the Sdtpura region carried on 
by the Central Provinces Oovemment under my advice ; 
and the concluding operations of those trials are given at 
page 97 of the Records for 1879 (Vol. XII). Most of those trials were near 
the northern edge of the basin close to the Narbada valley, and four of 
them were in interior valleys. In every case the object was to find the coal 
measures themselves, for the borings all started in rocks known to be of later 
formation, and in one case only, that close to Mobpani, was there an outcrop of 
the coal measures anywhere near. None of them were successful; and it was 
then pointed out that the nearest ground where there was a direct prospect of 
coal was in the Shahpur field on the south side of the basin. The coal outcrops 
there had been reported on separately by three officers of the Survey (in 1859, 
1866, and 1875), but none held out any promise of valuable seams. The latest of 
these surveys was by me (published with a map in Vol. VIII of the Records), 
and I thou marked three sites for borings in different parts of the field, in view 
of future experimental exploration. These trials were taken up in February 
1881, by the Public Works Department of the Central Provinces, and the last 
of them was closed on the llth of October 1882 under my instructions. Two 
of them were made to a depth of 400 feet, and the third to 539 feet. They all 
passed through several coaly seams, with some thin bands of coal; but none 
were of sufficient promise to recommend the sinking of a trial shaft. I 
believe that all the coal-bearing measures were passed through in each boring, 
but the seams are even poorer than at their outcrops. The coal prospects in 
the Sitpura basin are thus for the present reduced (besides the Mohpdni 
mines) to the Pehph valley fiel<^ of which Mr. Blanforil gave a very encouraging 
report in 1866 (SeofOrds, Vbl. pt. 2,1882). This field has naturally been left 
to th<^ last oh ftocount of its h|h^parative inaccessihUity; but the engineering 
bo ^wreome ars|pt^ing like so great as those on the new Indore and 
‘ and i((;|‘1Sne from Itarm up the Tawa valley to the 

feivotth^le for crossing the SAtpura 
Nippur. Such a line would pass along 
m^f'lead to a;ib3ffther Oxploration of those measures. 
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dnnnal Sepoh/or 1882* 


Mr. Jfbole, 


BiixA'Sxtboaic Cates. 


The cretacootts coal field of Daraaggiri in the Gfiro hills, reported on by Mr. 
Assam ? DABAirtfaiai LaTouche (Records, Vol. XV, pt. 3) during last season, 
ooAi. EisLD. proved'quite as good as was expected; the quantity is very 

Mr. ZaToucAe. Considerable and the quality very serviceable ; but if the 

company now engaged in opening out the coal fields of Upper Assam achieves 
anything like the service it proposes, it would scarcely pay to work the much 
inferior coal of Daranggiri. Mr. LaTouche is now engfaged in tracing the coal of 
the Jaintia hiUs eastwards, ^th reference to a project for a railway through 
North Cachar. 

Mr. Foote was engaged in the districts of MMura and Tinnevelly, principally 
SOTJTHEBH IHDIA. “ Completing his map of the coastal region, and joining 
this work with that of M^r. King in Travancore. The 
principal features of the ground had been examined in 
previous seasons, so there is nolhing particular to be noticed. A detailed account 
of this large area will ‘be published during the current year. Late in the season 
Mr. Foote made a traverse across part of the Mysore gold fields, an account of 
which is published in the Records for November. 

An object of much interest has long been awaiting investigation in the Madras 
Presidency, in the osseous cave-deposits of the Kamiil 
district. This interest is more than geological; at least, 
for a large section of the intelligent public early pre-historic man is their only 
link with geological studies. India has been a focus of great expectation in this 
matter, upon the assumed evolutional principle that the natural conditions in 
tropical or sub-tropical regions were most favourable for organic development, and 
because the earliest known civilisations had arisen in such regions. Nine years 
ago, in 1873, there was a momentasy confirmation of those hopes, when an un¬ 
doubtedly manufactured stone implement was found by Mr. Hackot in the beds of 
the Narbada valley containing remaius of extinct varieties of mammals, deposits 
which had been considered by Falkoner and Dr. Oldham on pala)ontological grotmds 
as of pliocene age. This ‘find’ (the word discovery’ might well be reserved for 
the fruits of mental effort) gave fresh interest to the question of age of the 
Narbada osseous gravels, and from a purely geological (stratigraphical) discussion 
I gave reasoijs (Records, Vol. VI, pt. 3) showing that they are probably of late 
post-tertiaiy time—a view that has since been adopted. At the same time 1 
ventured to impugn the d priori doctrine as to the birth-place of mankind, sug¬ 
gesting that, although the remains of the most man-like monkey might be found in 
tropical regpions, we might rather expect to find traces of the most monkey-like 
man where now the least monkey-hke men are found to flourish, taking mind as 
the characteristio. The early civflised peoples of tropitxd oountrios were probably 
not indigenous. 

The cave-test has still to be applied. Some of the most interesting early 
human remains have been found in eave-deposits; and nnd<^ the inspiration of 
the doctrine aforesaid, a party was got upacoa|de od years ago at private ex¬ 
pense to explore caves inB(»neo; hfut success has not fulfill the expectations. 
Apart the human question altogether (the special of: whioh is npw rather 

popular than scientific), great budogioal interest attacta to any eiph deposit of 
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mammalian remains, and I am strongly urged to take some steps to liave tLe 
Karmil caves explored, for there can be no doubt of the infopnation regarding 
them as announced by the distinguished pioneer of geology in Southern India, 
Captain Kewbold, P.E.S. I have never failed to appreciate the importance of 
this matter, though I am amre of an impression alooad that I disregard paleeon- 
tologioal interests, for ^hich supposition there can be no better foundation than 
that I have never cared to dabhle in matters that can only be profitably handled by 
experts. 3m October 1876, within six months of my taking charge of the Survey, 
I made dfiScial inquiries regarding the Billa-Surgam caves, as no notice was made 
of their whereabouts in the memoir and map descriptive of the Kadapa and 
Kamdl basin by Messrs. King and Foote. I intended that Mr. Lydekker should 
visit the caves and report with a view to further exploration. The Madras 
famine supervened, and no later opportunity offered without too great a sacrifice of 
current work. 


Mr. Blanford ^makes conspicuous mention of these caves in the Manual of 
the Geology Of India (page 381). Captain Newbold in 1844 described them as 
situated in latitude 16° 26', longitude 78° 15', which should be, as taken from a 
map of that date (Indian Atlas, Sheet Ko. 76, of 1842), about 7 miles to north-by¬ 
west from Banaganpilli. In the answer I received (dated 10th January 1877) 
from the Collector of Kamdl, this officer says :—“ There is no place near Banagan¬ 
pilli which goes by the name of Billa-Surgam and noted for any caves containing 
fossil stones. There is, however, a village called Bilum, 7 miles south-east 
of Owk in the Koilkuntla taluk, containing some caves, but the Deputy Collector 
who inspected them says they contain only slate stones.” This position would be 
about 12 miles to south-ty-west of Banaganpilli. Both these spots are in the 
Jamalmadgu limestone, of Messrs, King and,. Foote’s classification, described by 
Newbold as the ‘ diamond limestone.’ 

It is most unlikely that an error of 18 miles would occur in his descrip¬ 
tion of the position, but the coincidence of the similar name and the caves gives a 
strong presumption that Bilum is Nevftx)ld’8 locality, and that there is a printer’s 
error in the statement of the latitude. He describes the mouths of the caves as 
from 46 to 60 f^ high, falleng rapidly to passages which it is necessary to 
traverse on hands and knees. This obscurity as to the occurrence of the caves 
offers some explanation of the omission of any mention of them in the published 
description of that ground; hut I would notice the circumstance as an illustratioii 
of the condition of otm work in India, the imperative object being to furnish in 
the fi^t instance, and as soon aa possible a good general sketch of title geology of 
India. Had our geologists taken ih ‘ oave-hunting ’ and the like, the map and 
.n^nid published in 1879 mi^t Save appeared about the year 3000. There is, 
hbwevetr, no ia^tire of apprehenrion .as to the supreme importance to advanced 
more d^^ed r6S^urah8Si.4nd 1 hone to -find an early opportunity for the 






neason’e 
. loflsilei 



t in this ground has not' added much to the 
‘ upon Whl^ih he iiidioated a correlation of the 
. the threefolli division of the cretaceous 
Ijbdia, the underlying Kiimdr 
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sandstone to a lower cretaceons horizos, as mentioned in last year’s annual 
report; nor is there any fresh observation to disturb that suggested arrange¬ 
ment. He gives some interesting facts showing the association of the Lameta 
beds with agglomerates of the trappean period; and his microscopic examination 
of the traps themselves has thrown new light upon the constitution of some of their 
subordinate varieties. When Mr. Bose was sent to that ground, it was hoped 
(without authority) that the new maps containing the north-western and south¬ 
western extensions of the cretaceous deposits in the Bewa-Kanta country would 
be available, so that the geological region might be described in one memoir. 
As there is even now no near prospect of those topographical maps being 
completed, Mr. Bose’s work will be published up to date. 

In extension of his previous survey, Mr. Hacket took up work in the wilder 
EAjrnrASA j parts of the Arvali range in southern Meywar, but in the 

llr. ffaokei, end of January he was warned by the Political Agent 

that it would not be safe for him to continue in that part of the country on 
account of the unquiet state of the Bhils. Mr. Hacket employed the rest of the 
season very usefully in examining some intricate features along the Vindyan 
boundary to the north-east of Neemuch. 

Sub-Assistant Kishen Singh has roapped a large area of the plateau of 
Malwa trap and Vindhyans about and north of Goona. The boundaries are, 
I believe, sufficiently approximate for those formations, and for present purposes ; 
but little or no information is given regarding the rock features upon which a 
description of the area could be given. 

Mr. Fedden surveyed a large area along the coastal region, from Bhdvnagar 
Kattvwabj to Madhapur, mostly of trap and post-tertiary rocks, with 

Mr. Fedden. a remnant »f tertiary beds on the western sea-margin. 

A few fossils were obtained from these at Piram (Perim) Island. The ossiferous 
conglomerates of this well-known locality are the highest beds of the section; 
but Mr. Fedden considers them to be closely associated with the deposits con¬ 
taining marine shells forming the adjoining; coast, which he correlates with the 
Gaj horizon (of Sind). At Gogha, a little north of Piram, a boring was once 
made in these strata to a depth of 365 feet, stiff blue day being the prevailing 
rock in the lower portion. 

The principal object of Mr. Blanford’s work in the field season 1881-82 was 
Thb North-Wbs® *0 endeavour to trace northward the well-marked series 

f BONTiEB; of tertiary rocks found in Sind, and to follow the continua- 

Mr. Blanfard. tion of them, if possible, into the Punjab, where there is 
not the same clue to dassification in the presence of marine beds above the 
eocene. 

Before taking up this work, Mr. Blanfordwas called upon to report again upon 
the coal depositn to the west of Sibi; SO he marched bj; the BoUn pass to Quetta, 
examining the coal seams of Mach on the road. FVpm Quetta to Sibi he 
returned by the Hamai route, and visited the Sharagf :(ot Sharigh) coal locdity. 
From-Sibi he stirted the western botthdaTy of the Bhtigti ^1^ and then marched 
from Jacobabad to Harried ih the Punjab, throng 'ih^liisart of Bhugti 
country. From Harrand he prtx^ded northward eastern %hk of the 
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rangSy to soxne distance nortli of Dei:a Gh^zi Klidn. Hete, in the 
middle of Febrnary, a seven) attack of fever and liver compelled him to leave the 
field, and he shortly afterwards returned to Calcutta and was obliged to go to 
Knrope on medical certificate. 

A note, containing the results of Mr. Blanford’s examination of the coal seams 
at Mach and Sharag was published in Fart 3 of the Bebords for 1882. He con¬ 
siders the quality of the coal fair, but the quantity is insufficient for commercial 
purposes. The other results of his season’s observations have been, besides 
wi fiTrin g some important alterations in Mr. Griesbach’s work about Qnetta, to 
effect a preliminary exploration of the country from Qnetta to Dera Ghazi Khdn, 
and to show that the post-eocene marine deposits of Sind do not continue north 
to the Punjab border. One off the unfossiliferous groups, however,—the Upper 
Ifari,—is apparently persistent, and the uppermost ^stem, Siwdlik or Manchar, 
can be sub-divided, so that it is practicable to classify the rocks to a certain extent. 
It was found that the main chain of the Sulim&n is composed of hard whitish 
sandstones, apparently cretaceous, overlying limestones and limestone-shales, with 
a few fossjls ^longing to the same system. 

Had the work not been interrupted by illness near Dera Ghazi Ehan, Mr. 
Blanford would only have been able to e.xamine the Sulimdn range for about 30 
miles further north. The whole of the area examined was beyond the British 
frontier; but, whereas, up to a certain point, a little north of that reached, access 
was practicable with the aid of the district officers and a small escort, further 
north the country is inhabited by Afghans, and is consequently inaccessible 
to Europeans. It may, consequently, be considered that the greater portion of 
the gap between Sind and the Punjab has been bridged over, so far as is practi- 


MinniiX Hi:hai.atx: 

Jir. Ormlaeh, 


cable. • 

Some interesting fossils, ma mm tJ ian and molluscan, were obtained from Lower 
Siwalik beds, a,t localities discoverod by Captain Vicary nearly 40 years ago in 
the Bhugti hills. Mr. Blanford’s descriptive memoir, with a map, will be published 
shortly. • 

' On the termination of his short leave in England Mr. Grieshach obtained 

permisiion to visit some places on the Continent, in order 
to see what process would be best for the reproduction of 
his views of Himalayan sections; but chiefly that he might 
examine certain foreign collections of fossils from the Himalaya and other 
parts of Asia for comparison wiidi his own collection. On both points his 
trip was very serviceable; the collections made in Armenia by Staatsrath von 
Al^h proved especially interesi9|ig, as having close relation to the fossils from 
ccstain zones in the Himalayan sections. Owing to some unforeseen official 
Mr; Griesha^ was a little late in returning to India, which caused him 
in liavicg to ct^ps the outer ranges of mountains after the 
n|fihs had satin,. With the Bhqts^. of the frontier Mr. Griesbach experienced 

for tnwport in the high unin- 
" * " ^ workii3r^Mc>aBy^^ 4*11 jds endeavours were in this 

, 80 he httd io cover sB the ground he could 
past* and then move to Nilang, where he had 
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better success in making excursions northwards. The season was so far advanced 
that the Tibetan guards had left their stations beyond the passes, so this obstruc- 
tion was removed, but the cold was intense. 


Makifub : 
Jfr. Oldham, 


Mr. Oldham accomplished all that could be expected from his excursion with 
the Manipur«Burma Boundary Commission, having made 
a complete traverse of the main range into the great 
alluvial and tertiary basin of the Ning^hi (P Namtonai 
of older maps) or Chindwin (Kyen-dwen), which seems to be a principal 
tributary of the Irrawadi. If there is any disappointment in the result, the 
credit (or discredit) of it must be set down to mistaken imagination, and I must 
confess to having made that mistake. I had, I say, hoped that the Aracan 
Yoma of Mr. Theobald’s Pegu Report would expand northwards as it approached 
the Himalayan massif; and that a deeper rock.section would be exposed, with 
perhaps a core of crystalline rocks, having their roots, even in outcrop, conflu.. 
eut with those of the* great Himalayan elevation. The fact is just the reverse. 
Here, too, no fossils were found; but the rocks are with great probability identi¬ 
fiable with those 400 miles to the south, even to the serpentinouB intrusive 
masses. Mr. Oldham supplemented his east-west traverse by marching from 
Manipur northward to Hohima in the ‘ H&ga Hills, returning by the Assam 
Valley, and he found that newer tertiary rocks encroach more and more towards 
the axis of the range; so that it seems as if fche older rocks may soon be alto¬ 
gether suppressed in that direction. It thus appears that this range is altogether 
a secondary one, a mere fender of the great Malayan crystalline axis. 1 need 
hardly add that I am more satisfied than if my prognostic had proved correct. 
Mr. Oldham’s report has been ready since July, but there is some delay in 
procuring a map of the topographlbal snrvey of the new ground. 


Publications ,—Two parts of Volume XIX of the Memoirs were published 
daring the year. The first is a description, with numerous illustrations, of the 
Cachar earthquake of 1869. The descriptive part was written shortly after 
the event by the late Dr. Oldham, from observations made by himsdf on the 
spot. The discussion of the data was supplied, and the whole edited, by Mr. 
R. D. Oldham. Part 2 is a descriptive catalogue of the thermal springs of 
India, and Part 3 (now in the Press) is a descriptive catalogue of Indian earth¬ 
quakes. These also were compiled by Dr. Oldham; the data have now been 
revised and illustrative maps prepared by Mr. R. D; Oldham. These publica^ 
tions form a good starting point for seismologioal observation in Indhk, pre¬ 
parations for which on a small scale are now in hand. Several other mem^qirs 
are well advanced towards publication, by Mr. Blanford, on the country between 
Quetta and Dera-Ohizi-Khin j by Mr. Foote on a large area between Trichinopoli 
fLTid Gape Comorin; and by Mr. Oldham on parts of Manipnr and the I^iga 
Hills. 

Volume XV of the Records for 1882 contains nrunerous (28) papers of more 
or less practical impor^noe or of scientific interest. 

Five fascicuUof the Rah^tologia Indica were brought obt during the year;— 
Pali 1, Vol. IV, of the Gondwina Flora by Dr. Fiistmautel gives a description of 
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the fossil-flora of the south Rewah basin. Mr. Ljdekker describes the Siwdlik 
and Narbada Bqnidaa in Vol. II, part 3 of the Tertiary Vertebrata series. Dr. 
Waagen’s first fascicnlns on the Brachiopoda of the Productos-limestone in the 
Salt-range is but a small instalment of this section of his work; but I havo 
already received 30 plates of the sequel. The Brachiopoda form the most numerous 
and most intricate portion of this group of fossils, and the exhaustive study Dr. 
Waagen is giving of them will, I have no doubt, be gratefully acknowledged 
by all palasontologists. Two fasciculi on the fossil Echinoidea of Sind are 
contributed by. Dr. hiartin Duncan and Mr. Percy Sladen, to whom the Survey 
is greatly indebted for their voluntaiy assistance in this important branch of 
paleontological research. 

Mtwettwi.—*0f all field work in progress, the corresponding collections of speci¬ 
mens have been kept up to date. A full descriptive catalogue of the systematic 
series of minerals by Mr. Mallet is nearly through the Press. 

Xttbrar?/.—The additions to the library were l,4t61 volumes or parts of Vo¬ 
lumes ; 6651:^ purchase and 796 by donation or exchange. The titles of all those 
books as received are published regularly in the Quarterly Records. I think I 
can promise that the catalogue will be in print by the end of the present year. 
The preparation of it can only be carried on in the intervals-of current work. 

Mining Becorda ,—One mining plan was received during the year, from the 
Baniganj Coal Association. 

Seismological Ohservationa .—Proposals have been made before now to estab¬ 
lish seismometws in certain parts ofaindia that are subject to comparatively fre¬ 
quent earthquakes. A chief diflBculty has been, and must continue to be, to 
find competent and trustworthy observers at the suitable places. A small 
expenditure for the purpose has now been sanctioned, enough to set up some 
simple seismometers at a few stations in north-east Bengal and Assam where 
meteorological stations are already established, through which agency it is hoped 
some observations may be secured, < 


Personnel. —Mr. Blanford was obliged to take sick leave to Europe on the 25th 
of April, and, under medical advice, he has since been compelled to retire from 
tl^e Service, as no longer able to endure the exposure and fatigue required of the 
field geologist in India. After 27 years of so arduous a life this result is not 
surprising; he joined his appointment in India on the Ist of October l856. Frona 
the beginning of his service, Mr. < Blanford took a leading part in the work of 
the Survey; his report on the Talchir coal field is the first paper in our Memoirs, 
which have now extended to 19 volumes, contaming numerous contributions from, 
him. Besides his regular geological labours Mr. Blanford has done much work 
for the zoology'Of India, on which^he is now a leading authority. Ho was twice 
deputed on missions but of Indi^-^v^ith the army.to Abyssinia, and with the 
Seistan ]Ek>und{^. lOoxn^issi^ to Pentia. Of hu researches in both countries he 
lyaf^ hoeoohi. He was twice (in,1878 and ,1879) elected President of the 
fie^«i^,|9tongal., an hono^ nevcuprevio^iii^ conferred On an officer of 
1. siandhig.' 4go as 1974,1 he was eleotOd {at his first nomim^on) a 

of the which is the highest non-official distinction an 
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Englisliman can reoeiTB. In 1876, Dr. Qldhaiu, on retirement, recommended 
Mr. Blanford to be his suooeasor as Superintendent of tbe Geological Survey of 
India; of this he was only deprived a small matter of seniority, and in recog* 
nition of his high claims Government rewarded him with a special personal re* 
muneration above the pay of his appointment. Personally, as well as profe^Qn- 
ally, Mr. Blanford’s departure will be much regretted by his colleagues in the 
Survey. 

Mr. King was absent on furlough for the whole year. Mr. Wynne was 
obliged to take successive extensions of sick leave, and is still absent. Mr. Hughes 
obtained six months’ leave on urgent private affairs on the 8th June, which has 
been extended in England for three months. Mr. Hacket left on furlough for 
two years on the 20th November. Mr. LydekkerVas granted six months’ leave 
on urgent private affairs from the 2nd March, and subsequently by the Secretary 
of State an extension for one year without pay. Privilege leave for various 
periods was granted: • Mr. Mallet 42 days. Dr. Peistmantel 40 days, and 
Mr. Medlicott 3 months. 

H. B. MEDLICOTT, 
Sujierintendent, Geological Survey of India. 

Calcutta, 

TJie 23rd of January 1883. 


List of Societies and other Institutions from which Publicaiions have been received 
in donation or exchange for the Library of the Geological Survey of India 
during the year 1882. 


Amstbedam. —Netherlands polonial Department. 

Basel —^Natural History Society. 

Batavia. —Batavian Society of Arts and Sciences. 

„ Royal Natural History Society, Netherlands. 
Belfast. —Natural History Society. 

Bbblin. —German Geological Society. 


„ Royal Prussian Academy of ^Science. 

Bologna.-— Academy of Sciences. 

Bombav. —Meteorological Department, Western India. 
Boston. —American Academy of Arts and Sciences. 

„ Society of Natural History. 

Beeslad.— ‘Silesian Society of Natural History. 
Bristol. —^Bristol Museum. 

„ „ Naturalists' Society. 

Brussels. —Geological Survey of Belgium. 

» Royal Qeographical Society of Belgium. 

„ Royal Malaoological Society. 

„ Royal Natural History Museum of Belgium. 

Budapest. —Goologjiqi^ Institute, Hungary. 

Buffalo. —Society of Natural Sciences. 

Caen. —Linnean Society of Normandy, 
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CALCUTrA.-x^Agricultaral and Horticultural Society. 

A^tio Society of Bengal. 

Marine Surrey. 

„ Meteorological Department, Government of India. 
Cambbidqb (Mass.). —^Museum of Comparative Zoology. 

Oassel.-— Society of Natural Histoiy. . 

Cbbisviania. —^Editorial Committee, Norwegian Nortli Atlantic Expedi¬ 
tion. 

„ L’Association G^od&ique Internationale Commission de la 

NorvSge. 

Copenhagen. —^Eoyal, Danish Academy. 

Dresden. —Isis Society. 

Dublin.--' Beyal Geological Society of Ireland. 

„ Boyal Dublin Society. 

„ Eoyal Irish Academy. 

Edinbubgh.— Boyal Scottish Society of Arts. 

„ Eoyal Society of Edinbuigh. 

„ Signet Library. 

Geneva.— Physical and Natural History Society. 

Glasgow. —Geological Society. 

„ Philosophical Society. 

Gottingen. —Boyal Society. 

Halle. —Natural History Society. 

Haebisbueg. —Geological Survey of Pennsylvania. 

Lausanne. —^Vandois Society of Natural Science. 

Liege. —Geological Society of 'Belgium. 

London. —Geological Society. 

„ Iron and Steel Institute. 


99 


Linnean Society. 
Boyal Asiatic Society. 


It 


it 




Boyal Geographical Society. 

Boyalt Institute of Great Britain. 
Boyal Society. 

„ Society of Arts. 

„ Zoological Society. 

Lyons. —Museum of Natural Science. 
Madison. —Superintendent of Public Property. 
Madbid. —Geographical Society. 

Manohestbb. —Geological Society. 
MELBOUBNBiT-Mining Department, Victoria. 

„ Boyal Soc^ty of Victoria. 

^tLAN.—Society of Natural Science. 
„ Boyal Institute of Lombardy. 

MoNti&IAL.-—Geologit^ Survey of Oanada. 
!MoGd6lr.—^mpei^ Society of Naturaliste. 
NaIgbub.—N agpur Museum* 
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Netjchatbl. —Society of Natural Sciences. 

NEWCASTLE-ON-TTifB.—^North of England Institute of Mining and Mechanical 

Engineers. 

New Haven. —Connecti<>ut Academy. 

„ American Journal of Science. 

Paris.— -Academy of Sciences. 

„ Geological Society of France. 

„ Indo-Chinese Society. 

„ Mining Department. 

Penzance. —Boyal Geological Society of Cornwall. 

Philadelphia.— Academy of Natural Sciences. 

„ American Philosophical Society. 

„ Franklin Institute. 

Pisa.— Society of Natural Sciences, Tuscany. 

BrOME.—Jtoyal Geological Conunission of Italy. 

„ Boyal Academy. 

Boorkee. —Thomason College of Civil Engineering. 

Saint Petersburg. —Imperial Academy of Sciences. 

„ Imperial Bussian Minoi’ological Society. 

Saleh (Mass.)— American Association for the Advancement of Science. 

„ Essex Institute. 

Shanghai. —^North China Branch, Royal Asiatic Society. 

Singapore. —Straits Branch, Royal Asiatic Society, 

Sydney. —Australian Museum. 

„ Department of Mines, New South Wales. 

„ Boyal Society of New South Wales. 

Toronto. —Canadian Institute. 

Turin. —Royal Academy of Science. 

Venice.—^B oyal Institute of Science, &c. 

Vienna. —Imperial Academy a£ Sciences. 

„ Imperial Geological Institute. 

Washington. —Smithsonian Institute. • 

„ United States Geographical Survey west of the 100th 

Meridian. 

Wellington. —^New Zealand Institute. 

Yokohama. —^Asiatic Society of Japan. 

„ German Naturalists’ Society. 

The Governments of Bombay, Madras, North-Western Provinces and Oudh 
and the Punjab. 

Chief Commissioners of Assam, British Burma, Central Provinces, and Coorg. 
The Commissioner of Inland Custom^. 

The Residents at Hyderabad and Mysore. 

The Surveyor Gene^ of India. 

Departments of Finance and Comm«»e, Revenue apd Agriculture, Foreign, 
Forest^ and Home. 
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0» the Qenm Bichthofeiiia, Kaja, (Anomia Lawrenciana, Koninck,)' hy William 
Waagbn, Ph.D,, F.G.S. (^With 2plates). 

In one of tlie later numbers of tbe “ Zeitschrift der Deniscben Geologischen 
Gesellscbaft, ” M. E. Kayser publishes some notes on tbe fossils of the car¬ 
boniferous limestone of Lo-ping in China, collected by Baron Bichthofen, which 
fossils seem to be rather similar in type to those of the Productus-limestone of the 
Salt-range, the description of which is now in progress. He mentions one 
fossil in particular, the Anomta Lawrenciana of deKoninck, for which he pro¬ 
poses the generic denominatien of Bichthofenia. 

M. Kayser regards this fossil as belonging to the Brachiopods, very likely 
somewhere near Productus, and this approximately agrees with what I considered 
it to be. I expressed this opinion in the last remark^ appended to the third 
part of my *' Salt-range Fossils” (p. 328); only I was at that time doubtful 
whether the fossil might not as well be considered a coral. 

While preparing the description of the Brachiopods of the Salt-range Pro¬ 
ductus-limestone, I was obliged also to examine the Anomia Lawrenciana more in 
detail; and the result of this examination was so remarkable that I think it worth 
while to give a preliminary notice of this fossil, together with such figures as 
will be necessary to understand the description. 

The fossil consists, as has been described already by deKoninck, of two 
valves, one larger and one smaller (PI. II, /. 7, 8, 9). The larger valve is of 
a conical shape, with the apex fastened to some foreign body (PI. I, /. 9). The 
smaller valve is flat, a little sunk into the larger one. The two valves articulate 
by a rather short straight hinge-line. This ^inge-line, however, does not show in 
the outer appearance of the conical valve; it is only marked inside it. On both 
sides of the hinge-line, the smaller valve is cut out in a semi-circle to receive thick¬ 
ened parts of the shell of the larger ^valve. The outer side of the larger valve is 
rugose, provided with many concentric wrinkles, and bears a variable number 
of hollow, depressed, diverging, tortuous tubes, which, on the one hand, 
resemble the root-like appendages of some rugose corals, and, on the other, can be 
compared to the hollow spines of some ProducH. The resemblance to the latter 
is chiefly striking because of the silky lustre of the shell-substance of which they 
are composed. On the whole, the shell of the fossil is dull when quite intact, and 
of a silky lustre when the outmost layer of the shell is worn off. Then also 
appears a very close punotation, similar to that occurring in the shell of Pro- 
dudua, which is barely visible to the naked ^e. 

The punctures are not all equal; some larger ones are disseminated irregu¬ 
larly between great numbers of smaller ones (PI. I,/. 3). As has been mentioned 
above, the punctures appear only when the outermost layers of the shell are 
removed. The punctured*fiart does not lie immediately below the epidermoidal 
but spoceeds a vmy thin layer, ^ already exhibiting a silky lustre, 

t jh shows a vety close vertioal striation, and u composed of numerous very 
Mcavated lines (PI, .11, /. 6h). Sometimes this striation is even visible on 
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the oatermost dull lajer of the shell. Both these layers, the dull one as well 
as the striated one, are entirely lost in the greater number of specimens. 

On the smaller (flat) ralye the hollow tubes, wMbh are so very characteristic 
of the larger valve, are altogether absent. When the shell-substance of this 
valve is perfectly preserved, it is strewn over with very numerous small papilla? 
which project slightly from the surface of the shell (PI. II/. 9). 

On its interior side this smaller valve bears a distinct, but not very high, 
median septum, which extends from near the*'margin opposite the hinge¬ 
line, to nearly the middle of the valve. Here, in most specimens, it is re¬ 
placed by two parallel ridges, which in other specimens, however, are combined 
in one broader septum. On both sides of these ridges large, more or less rounded 
impressions appeal*, which are very strongly marked, and distinctly indented on 
the side nearest the hinge-line; on tlmside opposite to it they are less strongly 
marked, but seem to be also indented ^1.1, /. Ic.; PL II, /. 2). On the hinge¬ 
line itself there are, vertical to it, two short, thick and prominent parallel ridges, 
not dissimilar to hinge-teeth, which are, however, about equally high through 
their whole extent. They are not in connection with the median septum, but 
are separated from it by a smooth space. They do not protrude much above 
the hinge-line. On the whole, they might possibly be compared to the very 
developed cardinal process of the smaller valve of Produdus, but the similarity 
is, in fact, only a very distant one. On both sides of these ridges not a trace of 
dental grooves can be observed. Neither the rcniform bodies, which are such 
prominent features in the smaller valve of Productus, nor distinct dental grooves 
exist on the sides of the short ridges on the hinge-line. Near the outer margin 
of this smaller valve there are thorny processes, more or less numerous, directed 
towards the interior of the shell, fimilar to those seen in some Prodtidi (PI. II» 
/. 2 ). 

Far more complicated is the structure of the larger valve. It consists of two 
different parts ; the lower, from the apex of the valve up to about the middle of 
its height, being composed of very numerdus narrow water-chambers, divided off 
by very thin shelly partitions, and the upper forming a large hollow for the 
reception of the animal. The partitions in the lower part of the shell are very 
irregular, exactly like the partitions existing iu rugose corals. They are, on the 
whole, convex below, and concave above; not so, however, for their whole extent, 
as about in their middle they are bent upwards, forming something like a 
columella, such as exists in many corals. This formation of a columella is caused 
by the presence of three vertical septa (PI. I, /. 2, 4, 5), which extend from the 
apex of the shell, through all the partitions, up to the body chamber. By these 
septa a vertical triangular space is divided off within the larger valve of this 
fossil, the base of the triangle being formed by the hinge-line, whilst its apex 
lies in the middle of the shell, where the three vertic^ septa, which oonvei^ 
towards this centee from both ends of the hinge-line, unite. The median of the 
three vertical septa extends from the centre towards the hinge-line, without, 
however, ever uniting with it. All the space between the vertibal septa and the 
hinge-line is also filled up by shelly partitions. 

The animal chamber (PI. I, /. 1) is tolerably large; the bottom of it is, however, 
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situated at very different levels. The triangular space marked off by the Vertical 
septa is much more shallow than .the remainder of the chamber; but the latter 
also is not even, as from the^centre of the shell a rounded crest extends, forming 
a shallow saddle, to the wall opposite the hinge.line. On each side of this crest 
is a deep hollow which occupies the whole lateral parts of the body chamber. The 
whole bottom is covered by irregular tolerably minute grooving. 

The three vertical septa project into the body chamber as three high upright 
plates, which converge towards the centre of the shell and are highest near 
this centre. Their upper margins are denticulate. They do not unite, but 
remain somewhat apart from each other. On the other side, between them and 
the hinge-line, there is an ascending plane, none of the plates thus reaching 
the hinge-line. Of these platds or septa, the median one is the highest. The two 
lateral are limited on their inner side by very deep narrow grooves; from the 
median one, on the contrary, on both sid® start some low secondary septa, which 
show, on the whole, a pinnate arrangement. They disappear again, however, 
before reaching the gfrooves mentioned above. 

The hinge-line is quite straight, and shows only in the middle a slight round¬ 
ed sinuation for the reception of the two thick terminating branches of the 
median septum in the smaller valve. Not a trace of any kind of teeth for 
articulation with the smaller valve is observable. 

The inside of the outer walls of the body chamber is provided at very irreg¬ 
ular and unequal distances, with tolerably broad and sharp, but not very promi¬ 
nent vertical septa, some of which begin a short distance below the upper border 
of the chamber, and disappear before reaching the bottom, whilst others begin 
lower down and then reach down to the bottom of the chamber. The upper 
termination of each of them bears a round foramen, which forms the entrance to 
the hollow tubes which can be observed on the outer side of the shell and have 
been mentioned above (PI. I, fig. 2). This foramen, however, does not pierce 
the wall directly, but the tube descends nearly vertically and appears only 
in the vicinity of the apex at the outer side of the shell. 

All round the upper border of the animal-chamber a thickened margin can 
be observed, which has some pimilarity to a pallial impression (PI. I, figs. 1, 8). 
Of muscular scars nothing can be observed either on the bottom or on the walla 
of the chamber. 

The substance of the shell is of a very singular structure. It is composed in 
the larger conical valve of three layers. The outer one is very thin, dull and 
compact outside, and of a silky lustre inside, provided with the characteristic 
striation and punctation mentioned above. The median layer, the thickest of 
all, though very irregular in its thickness, is composed of approximately hemi- 
spherical cells, such as can be observed in many rugose corals when the radial 
septa have been obliterated (PI. I, figs. 2, 7; PI. II, figs. 3, 6). These cells 
are arranged in ascending radial rows, and are interrupted at inter^ls by per¬ 
fectly straight^ radial, v^ pointedly conical shelly parts (PI. II, fig. 4) 
wh^h require farther expli^tion. They b^n on the outer shell-layer with a 
idightly luoader base, and extend, in a more or less ascending direction, towards 
portions of the shell. They are not round but polygonal. All do not 
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witli their sharply pointed ends reach the innermost shell-layers; indeed, most 
of them stop about half-way. Nor do all of them originate on the outer shell-layer, 
for some start from the wall of some cell in the median layer of the shell. They 
seem to be hollow and to form tubes, which apparently communicate with the 
larger pores, disseminated between the more minute punctation of the shell as 
described above; but I am not quite certain on these latter points. The hollow 
tubes which terminate in root-like processes as mentioned above penetrate this 
median part of the shell in a nearly vertical direction. The innermost layer 
of the shell is somewhat thicker than the outer one, but otherwise similar to it. 
The median and the outer layers of the shell fall ofE easily, and then internal casts 
of a strange description, which preserve the inner shell-layer, are produced 
(PI. I, fig. 8). 

In the flat smaller valve the median shcll-layer is absent. 

Under the microscope, with a magnifying power of 100 diameters and upwards, 
the whole shell can be seen to be composed of very thin lamellso, which disunite for 
the formation of the cells and join together again in the outer layer of the shell. 
They are mostly vertical in the inner layer of the shell, bent nearly horizontal 
but irregularly outward in the-median layer, and again vertically ^upward in the 
outer one. 

Each lamella shows a very distinct striation vertical to its planes, caused ap¬ 
parently by prisms of which it is composed. These prisms are thus placed 
horizontally in the inner shell-layer from the inside of the shell to the outer, in 
the median layer vertically, and in the outer layer again horizontally. 

Besides this striation fine canals can also be distinctly traced, which originate 
on the inner side of the shell and pierce the different lamellm of which the shell 
is composed, causing thus the fine punctation of the inner shell-layer, similar to 
that occurring in Productus. The canals are, however, not simple, but distinctly 
and manifoldly ramified, and thus absolutely different from those occurring in 
Productus. They are more similar to the canals which pierce the shell of Orania. 
I do not think that these canals may be thS work of boring Thallophyta. They 
seem to exhibit another character than the borings of those organisms. 1 shall, 
however, give detailed figures of these canals in my large work on the “ Salt- 
range Fossils.” 

The fossil is gregarious in its occurrence in nature, and the individuals are 
often so closely packed together that the root-like appendages of one individual 
are fastened to the individuals around, but I never found two individuals entirely 
grown together. 

These are the facts I have been able to ascertain relating to the structure 
of this fossil; it remains now to deduce from them the systematic position the 
fossil ought to occupy. As I have already formerly indicated, I was from the 
beginning doubtful whether the fossil ought rather to be considered a coral or 
a Brachiopod, and the views of paleeontologists to whom I showed the speci¬ 
mens were quite equally divided between the two classes. Mons. Barrande, as 
well as Professor Yal^rin and Mdller, were of opinion that this fossil was rather 
more related to the corals than to any other class of animfds, whilst Professor 
Zittel and Professor Lindstrfim seemed to be more in favour of the view which 



16 


jReeor&a of the Geological Survey of India* 


[VOL. XVI. 


places it among the Brachiopods. The characters exhibited by the fossil are, 
indeed, of such a conflicting nature that it becomes extremely difficult to assign 
to it any place in the system. 

In favour of the view which inclines to consider the fossil as a Brachiopod, 
the microscopic structure of the shell can be adduced above all. Its silky lustre 
is absolutely identical with that of the shell of Produetus, though this lustre 
seems not to be effected in both cases by the same means. In the shell of Productus 
it is caused by obliquely ascending prisms, whilst in Bichihofenia it depends 
apparently on the fine lamination of the shell as in Placuna or similar genera. 
Of great importance is the prismatic structure of the single lamines of which 
the shell of Tiichthofenia is composed. Such a prismatic structure is, as far 
as I am aware, chiefly characteristic of molluscs or molluscoids. I certainly 
have not as yet observed this structure in corals. In Calceola sandalina, which 
seems the most kindred form among the corals, a microscopic section through 
the larger valve showed beautifully its construction of •radial septa, but these 
septa exhibited all a granular, not a prismatic structure. 

The punctation of the shell is also very similar to that of Prodmtus, and so 
are the hollow root-Hke tubes which penetrate the shell-substance of the larger 
valve, and adhere to other bodies. 

The smaller valve can also, on the whole, be very well compared to the same 
valve of Prodmkis, though it remains doubtful whether the thick parallel ridges 
on the hinge-line of this valve in Bichthofenia can at all be compared to a car¬ 
dinal process, and whether the impressions on the valve can be taken as muscular 
impressions. Beniform bodies are most certainly absent. 

Nevertheless, among all the Brachiopods the ProductidiB are the only ones 
to which the genus Bichthofenia might stand in any relation; other Brachi¬ 
opods are certainly considerably less related to the present genus than the 
Productidoc. 

But, though all the points'indicated may be in favour of the Brachiopod 
nature of the present fossil, yet it cannot be denied that there exist also certain 
points of resemblance between Bichthofenia and nigose corals. Any one who 
looks only for a moment at Pk I, fig. 2, will be convinced of this similarity. The 
irregular partitions in the lower part of the larger valve; the columella-likc 
part which is divided off by three vertical septa; these septa themselves, which 
can very well be compared with the primary and the two lateral septa of a 
rugose coral; the cellular structure of the shell; the septa-like ridges on the 
outer wall of the animal chambers which are in connection with the hollow canals 
which pierce the substance of the shell; and the tortuous tubes themselves into 
which the canals are prolonged on the outer side of the larger valve: all these 
characters remind one strongly of a rugose coral. There can be no doubt that 
on a first inspection, ignoring the silky lustre of the shell, one would far more 
likely be led to regard this fossil as a coral than as a Brachiopod. 

There is, however, yet another character to be pointed out, which is even more 
conflicting than those hitherto adduced; this is the existence of something like 
til pa^l^l impression round the upper mai^in of the larger valve, as figured in PI. 
2, fi£^. lb and 8a. 
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This character, as well as the very peculiar appearance of the partial cast as 
represented in PI. I, fig. 8, and the longitudinal section, PI. II, fig. 5, indacted 
me to take yet another group of fossils into consideration for comparison; and 
these ai-e the lludista in a restricted sense, as defined by Stoliezka in Ids work 
on the cretaceous bivalves. 

It is a very curious fact that with the JhuUnta the same difficulty prevailed 
as to their classification as with the present fossil. They had been considered 
by L. V. Buch a.s corals, by d’Orbigny as Bnichiopods, and recently they are 
placed by most men of science in the bivalves. 

The points of similarity between lUchthofenia and the JHudista, chiefly Hip. 
puriies, are not very numerous, it is true. It is chiefly the section which 
may bo compared. If we cut open a specimen oi» Kichthofenia from the hinge- 
lino to the opposite wall, so as just to touch the median vertical septum (Plate 
IT, fig. 5), wo get a figure very similar to that which we obtain when we cut 
through a Hij» 2 mrites so ps to touch the first columollar fold (the hinge-fold and 
the second columollar fold being left untouched), Plate II, fig. 10. The par¬ 
titions presented are very similar in both cases. They are bent up in the middle 
to form a kind of columella, and are separated from the outer walls of the shell 
by a sharp line in both cases. It is duo to this latter circumstance in both 
cases that the outer walls of the shell fall off easily, and that such strange 
partial internal casts are formed. 

Another point of similarity consists in the direction of the prisms, of which 
the substance of the shell is composed. The Jludista diSer from all.the other 
groups of Pelecypoda in having the prisms of their outer shell arranged verti¬ 
cally, that is to say, longitudinally to the whole extension of the shell. Just the 
same is the case in the median shell layer of EicMJwfenia, as has been explain¬ 
ed above, 

A third point of similarity of great importance exists in the pallial impres¬ 
sion, which is common to Bichfhofenia and the Rudista ; and, finally, it is not 
quite certain that the sinuationa of the Iprge valve of Richthoferda on both 
sides of the hinge-line, which stand in so close a connection to the lateral vertical 
septa may not be regarded as the beginning of the infoldings of the shell, which 
are so very characteristic for the Rudista. 

All these points of similarity between the Rudista and RicfttJiofmia are im¬ 
portant, as they aire in connection with the most striking characters of both 
fossils; and it cannot as yet be positively denied that BicMhofmia might 
be a predecessor of the Rudista. To say anything po&itivo on this point is at 
present impossible. The distance in time btstween Rickthoferda, which comes 
probably from the limits between the carboniferous and permian formations, 
and the Rudista, which are for the greater part upper cretaceous, is so enormous, 
and eveiy connecting link is as yet absent, that a very close affinity between 
the paloeozoic and the cretaceous forms cannot be expected, and thus it will only 
be possible to prove the connection between the present fossil and the Rudista, 
if father members of such a developmental series should be discovered. 

As the case now stands, it will probably be most prudent in accordance with 
the microscopic structure of the shell to consider the fossil ae something like a 
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Bracliiopod. As far as my opinion goes, I am convinced that RicMhofenia is a 
member of a series, which, branching off somewhere from the rugose corals, 
has reached in Eiehtfiofenia a Brachiopod-like stage, and is going to torminato 
its career as a Peleeypod, as one of the Jtudista. But opinion is nothing in science, 
and proofs arc eveiything. I hope that these lines will give an impulse to the 
elucidation of the very obscure relations of the fossil which has been Iho 
object of this paper. 


EXPLANATION OP PLATES. 

PLATE I. 

Richthopbnia Laweenciana, Kon. sp. 

Fig. 1. Silicified specimen from the upper region of the Middle Productus- 
limestone of ’Musa Kheyl. la, view of the body chamber straight 
from above; Ih, the same slightly oblique from the front; le,interior 
side of the smaller valve of the same specimen: all natural size. 

„ 2. Natural section through a specimen from the coral beds of the Middle 

ProductuB-limostone of Vii*gal; the section being parallel to the hinge¬ 
line and just touching the termination of tho three vertical septa. 
The colls in tho walls of the animal chamber are not quite correctly 
represented. 

„ 3. Portion of the shell surface enlarged 4 to 6 times to show tho puncta- 

tion, in a specimen from the upper region of the Middle Productus- 
limestone of Musa Kheyl. , 

„ 4. Fragmentary specimen froto the Middle Productus-limostone of the 

Chittawan ; 4a, natural section through the lower part of the animal 
chamber, showing the section of the three upright blades; 46, artificial 
section, very oblique; low»sr down through the partitioned part of tho 
shell, showing the vertical septa and the space that is limited off 
by them. t 

„ 6. Artificial transverse section through a specimen from the Lower Pro- 

ductus-limestone of Amb. The two lateral veitical septa unite in tho 
middle. 

„ 6. One of the partitions of the larger valve seen from below on a broken 

specimen from the Middle Productus-limestone of the Chittawan. 

„ 7. Fragmentary specimen, showing the cellular structure of the median 

shell-layer, the outer layers having been removed by weathering; 
from the Middle Productus-limestone near Khura. 

„ 8. Partial internal cast of a specimen from Musa Kheyl; a, view from 

. the hinge-line view from the smaller valve. 

,, 9. Small specimen from the lowest .beds of the Middle Productus-lime- 

stone of Katta from below, showing the point by which it has been 
fastened to the bottom of the sea. 
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On the Geology of South Travancore, by R. Bruce Foote, f.g.s., Deputy Superhi- 
teiidont. Geological Survey of India. (^Wiih a plate and a map.') 

My colleague, Dr. King, was from various causes obliged to leave the survey 
of South Travancore, from Trevandrum to Cape Comorin, very unfinished, and 
it devolved upon me to close up the gap left, so as to join the general survey of 
this State with the work I had done in Tinnevelly district. The small map which 
accompanies this paper shows the tract omitted in Dr. King’s map, appended to 
his two papers relating to Travancore, published last year (1882)^ The notes I 
have to offer refer mainly to the tract lying between the coast and the high road 
leading from Trovandrum into Tinnevelly district through the Arambuli (Ara- 
munny) pass. 

The toiiographical features of South Travancore differ as greatly from those 
of the adjacent part of South Tinnevelly as do the climates of the two distiicts. 
The flat, sandy, and often barren plains of Tinnevelly are replaced by a very 
broken, rugged country, out of which rise numerous hills and rocky ridges, tho 
whole thickly coverad by rich vegetation. With the exception of a couple of score 
of square miles immediately to the north of Cape Comorin, the whole of South 
Travancoro lies westward of the watershed along tho Southern Ghats, whicii 
mountain range causes both the moist climate of Travancore and the dry climate 
of Tinnevelly, by intercepting from the latter practically the whole supply of 
rain brought by the south-west monsoon, and causing it to fall on their western 
slopes. A small tract around Capo Comorin, in tho extreme south-east corner 
of Travancore, has a climate and shows a flora corresponding to tho dry one of 
Tinnevelly. But within a very little distance to the westward a groat change 
begins, and tho climate and flora both assume an intermediate char.icter, which 
may bo traced over a tract extending from tho Cape like a narrow wedge (in 
plan), having a base of some 20 to 26 miles along tho coast, with its northem^ngle 
in tho Arambuli pass. Close to tho main mass of the mountains tho change of 
climate and flora is far more abruj^t, and^really*take.e place within a distance of 
a very few miles, e. g., near Mahendragiri, the most southerly high mass of the 
Ghats (5,455 feet), where thh change takes place in about 2 nylcs. 

The country owes its shape to the erosion of tho old crystalline rocks which has 
taken place on the most gigantic scale, proofs of which will be adduced further 
on. Dr. King, in his general sketch of the Travancore country, points out 
(p. 88) the quasi-terraced arrangement tho country shows, descending by steps, 
as it were, from the mountains to the coast. This terrace arrangement is much 
less well marked, however, in South Travancore than further to tho north-west. 
Tho several terrace steps are marked by the existence of some ridges near tho 
coast higher than the general surface of the countiy further inland. Tho most 
conspicuous of these is a considerable mountain mass lying north and north-east 
of the old fort of Udagiri (Oodagorry). 

• See a .—General skotcli of tbo*g®ology of Trnviincorc State. IJy W. King, D. Sc., Deputy 
Su|H!rintendeut (Madras), Geological Survey of India. 

6.—^The Warkilli bede and rcjwrtml ivsaociatcd deposits at Qnilon, in Travancore. By W. King, 
D. Sc., &c., (with a map). Boconls, Geological Suivey of India, Vol. XV, pp. 87—102. 
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Tho real southern termination of the Southern Ghats occurs in north latitude 
8° i6', where the high mountains sink down into tho Aitinibuli pass. Southward 
of the pass rises the perfectly detached Kathadi Malai, a fine rooky mass between 
2,000 and 3,000 feet high, which sends off a rocky spur extending southwards with 
two breaks, for a distance of 7 or 8 miles, and terminating in the bold Murbiwa 
hill, 4 miles north-west of Cape Comorin. Tho Cape itself consists of low 
gneiss rooks, backed up by a palm-grown sand-hill, about 100 feet high. A pair 
of very small rocky islands rise out of the sea a few hundred yards east of tho 
Cape, but they are not shown in Atlas-sheet G3, any more than are various other 
rocks occurring off tho coast opposite Muttum', Kolachel (Colachull), and Mel 
Madelatorai (Maila Muddsilathoray), which ai-e [the culminating }x>ints of reefs 
formed by ridges of gneiss running parallel with the‘coast. At Kolachel, which is 
the seaport of South Travancore, the lie of the rocks is such that it would bo easy 
to connect them by short rubble breakwaters, and thus to form a very useful 
little harbour in which jcoasting ci*aft could easily lie up during the south-west 
monsoon. 

It will bo seen by the map that a broken band of younger rocks occupies a 
very great part of the tract lying between tho edasi and the Trovandrum- 
Tinnevelly high road above refciTed to.. There can be no doubt that these 
younger rocks not very long since, geologically speaking, formed an unbroken 
belt which extended considerably further inland than at present. The denudation 
they have undeigone has been very groat, both vertic<ally and laterally, and the 
remnants of them left arc in various place.s of such trifling thickness that all 
tiacos of their former existence will soon be effaced. They show most in tho 
western part of the area under description, where they form small plateaux, which 
ai-e well marked, except to the north, on which side they lap on. to tho rising 
surface of tho gneiss and thin out, or aro lost sight of, in the Kabuk or pseudo- 
latcrito formation, a rock resulting from the decomposition of fenuginous bods of 
gneiss. The surface of the plateaux, whore not greatly eroded, is gently un¬ 
dulating and often supports a very dense an(? varied vegetation. The le.s8 compact 
portions of plateau surfaces ai'e often cut into small, but very deep, rain gullies 
which render many places impassable for any but fc»t passengers. 

The most striking feature in the flora of South Travancore is tho immensoforost 
of fan palms (liorassus fiahelliformis), which covers great part of tho country. 
The fan palms, or palmyras, attain here to much greater height than they generally 
do elsewhere. Trees measuring from 90 to 100 feet in height are not uncommon 
in places, and, with their stems greatly covered by white, or silvery, grey lichens 
they present a much finer appearance than tho comparatively stunted specimens 
one is accustomed to see in the Carnatic, or on the Mysore and Ueccan plateaux. 
Whether these Travancore trees owe any part of their greatly superior height 
to superior age, as compared with the palms in the grreat palmyra forest in 
South Tinnevelly, I could not make out; but the white colour of their stems, added 

* Those rocks, and especially one called tlie Crocodile rocks, were sources of groat d.Hriger to 
the coasting sliipH, but that has been removed by tbu erection on the Muttuoi headland of u light- 
house just completed. 
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to their great height, certainly gives them a mnch more hoary and venerable 
appearance. 

To the westward of the Cooletorary river the palmyra trees are less striking 
features in the landscape than to the eastward. Cashew nut trees {^AnacwrAmm, 
occidentale) are also very largely cultivated, and attain to greater size than any¬ 
where in the Oamatio. Jack {Artocarpm integrifolmm) and Alexandrine laurel 
{Galophyllum mophylhm) are also very common trees in South Travancore. 
Coco and Areca palms are commonly planted in the sides of the numerous little 
narrow valleys which score the face of the country, each with a rice flat in 
the bottom. 

The backwaters at the mouths of the several rivers, and the canals connecting 
them, are often thickly fring*od with screw pine (Pandanus odoratiseinms ); and 
a largo fern, Acrostichwm awrevm (Linn.), is generally very conspicuous among 
the smaller bushes standing in the shallow water. One of the finest displays of 
tropical vegetation 1 am acquainted with in South India may be seen to great 
advantage by going in a canoe up the Cooletorary river for 3 or 4 miles from 
its mouth at Tengapatanam (Taingupatnum). The vaiying effects of dense 
lofty palm groves, interspersed with large forest frees and fringed with pandanus^ 
&o., along the water’s edge, and backed by the beautiful blue outlines of Agastya- 
malai and other peaks of the Southern Gh&ts cannot fail to delight the eye capable 
of appreciating a seiies of perfect landscapes. Near the upper end of the navigable 
reach the beauty of the scene is increased by the presence of great granite gneiss 
rocks towering up here and there in the forest on either side of the river. Two 
other views, specially worth seeing, should be mentioned when describing the topo¬ 
graphy of this picturesque country. The first of these is due north from the 
bar at Mannagudi, 4 miles west of Cape Cimorin, The eye here ranges across 
a large sheet of fresh water, set among palms, making a glorious foreground to the 
mountains which rise to the north, Mahendragiri and the great mass of the 
Mutokulivayal plateau standing out boldly. The second view to which I wish 
to draw attention is to be seen from Che white rock spit about mile north¬ 
eastward of Cape Comorin. From here the south end of the ghats is seen across 
a lovely bay, with broken rooks and surf in the immediate foreground. The bright 
blue waters of the bay set off the fine tints of the nearer mountains to perfection, 
while the noble outlinos of Mahendiagiri and its companion peaks form a back 
ground of wonderful beauty. The view on a good day far surpasses the best of 
^e views across Bombay harbour, about which so much has been written. From 
the Cape itself the mountains are not seen at all, being shut out by sand-hills, 
topped by a forest of palmyras. 

In the foreground of the view from white rock spit the most characteristic 
trees are umbrella trees (^Acacia platiifrons), the most typical trees of tbp arid 
Tinuevelly plains, which are seen across the bay stretching away far to the 
north-east. A few nules to the west of the Cape these trees become very rare 
or have disappeared entirely. 

Very conspicuous features'll the landscape of South Travancore, as seen from 
the of a vessel passing off the coast, are several patches of intensely red rock 
trending close to the beach, but perched up at a considerable height 
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above the water’s edge. These are or red blown sands, capping cliiTs of red 
sandstone, both of which formations will be referred to at length further on. 

The various geological formations to be found in South Travancore may, for 
convenience of reference, be arranged in a tabular scheme as below 

^ Blown sands: the red (teris), and the white (coast dnnes). 

Rgcknt ... 4 Soils; kankar deposits; ferruginous breccias (lateritio). 

(. Marino and estuarine beds. 

TxBTiAnr P Sands and clays (Warkilli beds, ? Cuddalore sandstone.) 

Azoxo ... Gneissic series. 

The Gneissic Scries, « 

In no part of the peninsula, perhaps, is there a greater and finer display of the 
ancient crystalline rocks than in the Southern Gh^ts in their southern half, and 
in the great spurs and owtlying masses on their western or southern side. The 
disposition of the beds in South Travancore, when laid down on the map, shows 
the existence of a great synclinal curve, probably an ellipse, the major axis of 
which passes through, or very near to, the great mass of Mahendragiri; while tho 
north-western focus (if the ellipse bo a complete one) will be found somewhere 
to the north-eastward of Allepy. I had inferred tho existence of this great synclinal 
ellipse from studying the course of the great gneiss beds on the eastern foot and 
flanks of the mountains southward of Gourtallum, and Mr. King’s examination of 
the gneiss country across the Shenkotta pass and southward to Travancore indepen¬ 
dently demonstrated the existence of the central part of this huge synclinal fold. 
The topographical shape of the ground, as shown in Atlas-shoot 63, points strongly 
to tlie fold being a true ellipse, the^ extreme north-western extremity of which 
is probably hidden under the alluvial bed north of Allepy, while the extreme 
south-eastern apex lies most likely in the sea to the E-N-B of Cape Comorin. The 
curve of the coast from Cape Comorin north-westward to close up to Trevandrum 
coincides with tho south side of the great synclinal, and the different ridges inland 
also coincide absolutely with the strike of the harder beds of the series. Several 
southerly dips were noted in the rocks on the coast vjestward of Kolachol, which 
looks as i^ the axis of an anticlinal had there boon exposed, but they may possibly 
only rapresont trifling Vandyke-shaped bends or crumples, in the side of the great 
synclinal. To the north of the area under consideration the rocks roll over 
northward into a great anticlinal fold. 

The true bedding of the gneiss on a large scale is extremely well displayed 
in the great outlying mass known as the Udagiri or “ Murroovattoor ” mountain. 
Both strike and dip are admirably seen from tho travellers’ bungalow at Kagar 
Kovil. One of the finest examples of a sheer naked wall of rock to be seen 
in South India is shown in the tremendous cliff forming the S. E. front of the 
Tiruvuna Malai, the great eastern spur of Mahendragiri. This bare precipice 
must be fully 2,000 feet or more in height, many hund»^ feet in the central part 
being absolutely vortical, or even overhanging a little. As might be expected, 
this great mass has attracted much notice; it forms the Cape Comorin of some 
sailora, and of Daniel’s famous view of that cape, though in reality some 16 miles 
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from^the nearest point on the coast and 28 miles from the cape itself. Even the 
Hindu mind, generally so stolid about the beauties of landscape sceneiy, have 
connected this noble mountain with the name of Hanuman, the famous monkey 
god, who is said to have planted one foot on each of the two Peaks and to have 
jumped across the Gulf of Manar and alighted on Adam’s Peak, a standing 
jump of 220 miles odd being a trifle for the long-tailed divinity. 

Another grand precipice occurs on the south-east face of the Tadng^ Malai, 
at the western end of the Arambuli pass. The cliff-faces in both these splendid 
scarps coincide with great planes of jointing. 

llie predominant character of the gneiss rocks in this quarter is that of a 
well-bedded massive, quartzo-felspathic granite gneiss, with a very variable quantity 
of (generally black) mica aifd veiy numerous small red or pinkish garnets. This 
is the characteristic rock at Capo Comorin, and very generally throughout South 
Travancore, and Tinnevelly district as well. 

Scattered grains of magnetic iron are commonly mgt with in the weathered 
rocks. No beds of magnetic iron were noted by me, but some may very likely 
occur, and would go far to account for the enormous quantities of black magnetite 
sand cast up on the beach at frequent intervals along the coast and of which the 
source is at present unknown, unless it has been brought by the south-westerly 
current prevailing during the south-west monsoon. The source of the garnets 
which form the crimson sand, which is of nearly equally common occurrence, is 
not far to seek, for it is hardly possible to And a bed of rook which does not abound 
in garnets. The so-called “ fossil rice ” found at the extreme point of land closo 
to the cape is merely a local variation of the quartz grains set free by degradation 
of the rock. They assume the “ rice ” shape after undergoing partial trituration 
in the heavy surf which beats incessantly on^the southern coast. 

The Buh-acrial decomposition of the felspatho-ferruginous varieties of the 
gneiss produces in the presence of much iron a pseudo-laterito rock very largely 
developed over the gneissio area described by Dr. King in his Sketch of the 
Geology of Travancore under the name of lateritised gneiss, a rock which is po¬ 
pularly called laterite in Travancore and kabuk in Ceylon. In numberless places 
this peculiar decomposition »i the gneiss, which is pre-eminen% characteristic 
of very moist climates, has altered the rock in situ to variable, but often consider¬ 
able, depths, and the original quartz laminte of the gneiss remain in their pris¬ 
tine position, and often to all appearance unaltered, enclosed in a ferruginous argil- 
laceous mass formed by the alteration of the original felspar, mica, garnets, and 
magnetic iron. The colour of ihis generally soft mass varies exceedingly, from 
pale whitish pink to purple, red and many shades of reddish brovra and brown 
according to the percentage of iron and the degree of oxidation the iron has un¬ 
dergone. The bright colours are seen in the freshly exposed kabuk or pseudo- 
laterite, but the mass becomes darker and mostly much harder as the heematite is 
converted into limonite by hydration, and more ferruginous matter is deposited, as 
very frequently happens, by infiltration. The pseudo-laterite formed by accumula¬ 
tion of decomposing orgillo-felfruginous materials derived from distant points is to 
be distinguished generally by the absence of the quartz laminse as such. The 
qulH^ite grains are generally much smaller, and are scattered generally through the 
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whole of new formed rock. One excellent example of the psendo-laterite 
formed by the decomposition in situ is to be seen in a steep bank in the zoological 
gardens in Trevandrum, close to the Tapirs’ den. Equally good examples are 
very common in many of the cuttings along the high road east of Trevandrum. 

The washed-down form of pseudo-laterite often forms a rock intermediate 
in character between a true sub-aerial deposit and a true sedimentary one, and 
consequently by no means easy to classify properly. In fact, in a country subject to 
such a tremendous rainfall, the sub-aerial rocks must, here and there, graduate into 
sedimentary ones through a form which may be called “pluvio-detrital.” Such 
pluvio-detrital forms occur very largely in South Travancore, but it is impos¬ 
sible in most oases to separate them from tlie true sedimentary formations they are 
in contact with. 


TJie Warlcilli or Cuddalore Sandstone Series. 

The Cuddalore sands^ne series, first distinguished on stratigraphical grounds 
as a separate geological group by Mr. H. F. Blanford, were by him supposed to 
be very probably of tertiary age. In the absence of sufficient palaeontological 
evidence it was impossible to assign any more approximate position to these 
rocks, the silicified exogenous tree stems fotind at Tiruva-Karai, near Pondicherry, 
not being deemed of sufficient importance. 

Other similar sandstone formations subsequently examined near Madras, in 
Rajahmundry district and on the Travancore coast near Quilon could, in the 
absence of all fossils, be assigned by myself and Dr. King only in a provisional 
way to the age of the Cuddalore rocks. Lithologically and petrologically these 
several sets of sandstones and associated clays, Ac., show great resemblance, 
and their relative positions on or neai^the existing coast lines further justified their 
being provisionally associated, though separated by such great distances. 

A very careful examination of the beds near Quilon by Dr. King, who had 
the advantage of seeing the fresh cutting made through plateaux of these rocks in 
connection with the new tunnel at Warkilli has unfortunately thrown no positive 
light on their true geological position. The vegetable remains associated with 
the lignite beds at base of the series proved insufficient to allow of determination 
of their own character, and consequently most unsuitable to assist in settling the 
homotaxy of the strata they occurred in. The sedimentary beds forming the 
belt of small plateaux fringing the coast of South Travancore must, on petrological 
grounds, be unhesitatingly regarded as extensions of the Quilon beds, or Warkilli 
beds of Dr, King. None of these formations which I traced from Villen jam, 
9 miles south-east of Trevandrum, down to Cape Comorin, afforded the faintest 
trace of an organic body: thus, no light was thrown on the question of the geo¬ 
logical age or homotaxy, but somewhat similar sandstones and grite are found 
on the Tinnevelly side of the extreme south end of the Grh^ts range, and in a 
coarse gritty sandstone, much resembling some of the beds in Travancore, a bed of 
clay is intercalated, in which occur numerous specimens of Area rugosa and a 
Cythereg, of a living species. The locality where these fossils of recent species 
were "found occurs on the right bank of the Nambi-Ar, about 2 miles above its 
mouth and a few hundred yards from the bank of the main stream. All the 
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sub-fos^ 0 liells 1 found bere are of living species; hence the deposits ^closing 
them cannot be regarded as tertiaiy; and if the agreement of these Nambi-Ar beds 
with the Warkilli and South Travancore beds on the one hand, and the Cnddalore, 
Madras, and Bajahmundry beds, be assumed, as they must be on petrological 
grounds, the Cuddalore sandstones and their equivalents elsewhere must be 
accepted as of post-tertiary age. As far as it goes, the evidence is clear and 
distinct; but more evidence is required as to the age of some of the intermediate 
connecting beds, such as those south and east of Kndan-Kulam. 

The typical section of the Warkilli rocks near Quilon, given by Dr. King, 
shows the following series:— 


^ Feet. 

Laterite. S0to40 

iiauds and Baud; cliijB or lithomurge. 

Alain clajB . 25 

Lignite beds.• . 7 to 15 

Sands . 


ToxAri ... 120 to 188 


with which we may compare the seiuea seen in the fine section formed by the 
beautiful cliffs in Karruchel bay, 11 miles south-east of Trevandrum. 

The section here exposed shows the following series of formations:— 

Feet. 

4. Son—dark red, Bond; Inam, lateritic at banc . . . S to 10 

8. Sandstone—hard, gritty, purplish or blackish .... P 

2. Sandstone—gritty, rather soft, false bedded, often clayey in parts 
(lithomargic), variegated; in colour red,feddish-brown, purplish- 

white-yellow.. . . .40to50 

1. Sandstone—gritty, rather soft^ false-bedded, red, purple, pink, white, 
variegated; shows many white clay galls producing a conglo¬ 
meratic appearance in section . ..40 

Base not seen, hidden by sandy bea^ 


The total thickness of those beds I estimated at about 100 feet; the upper 
part is obscure, from pluvial action washing down the red soil over the dark 
grits. The middle and lower parts of the section are extremely distinct, and the 
colouring of the beds very vivid and beantiful; but the beds are no means 
sharply defined. 

The beds dip north-easterly (inland), and from the slope of the ground on the 
top of the cliff the angle of dip may be inferred to be from 25° to 30°. Further 
inland, near Pinnacolum, the dark gritty sandstones lie horizontally, at a con¬ 
siderably lower level than at the top of the Karruchel cliffs, but rise again east¬ 
ward. The middle gxitiy series is exposed along the western side of the Kaz^- 
«hel but is highly iateritised ^ weather action. Three miles, or so, to the 

north of the lagoon, purplish gritty beds show strongly and form a smaB weU- 
BUtrl^ overlooking Talley" in which lies the village of Gotnlmll. 

beds are sometimiaii replaced by clays is shown by the materials 
out of two deep wells sunk into this plateau at two points several miles 
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apart; one of these wells lies rather more than half a mile to the northward of 
Mnllur (Mooltoor of sheet 63). Here the section, which is from 80 to 100 feet 
deep, passes through mottled gritty sandstone and into blue and white mottled clay. 
The other section revealing clays below the gritty beds is in a well sunk close to 
the new iroad from Talrampur (Vaulrampoor) toPuar (Powar), and some distance 
south of the place shown in the map as VunpoyaP. The clay here is of a similar 
white and blue mottled colour. 

A section in the low clifE forming the small bay immediately east of Yillenjam 
shows a mottled vermiculated clayey rock showing mostly no bedding at all. 
Traces of bedding are, however, revealed as the cliff is followed southward by the 
appearance of thin bands of grit near the base of the section which rests on the 
underlying quartzo*felspathic gametiferons gneiss.' This mottled clayey rock 
1 believe to represent the bluish*white-mottLed clay turned out of the lower 
parts of the well section near Mullur before referred to. It is locally considerably 
discoloured and stained by the percolation of water through the overlying pseudo* 
lateritic, dark-red sand. As will be seen by any one who follows the coast line 
these Warkilli sandstones rest upon a very rugged and broken gneiss surface. 
Many great tors and knolls of granite gneiss protrude through the sandstone 
plateaux or tower over them from adjacent higher ridges, which have been com¬ 
pletely denuded of the younger rocks. 

The greater part of the surface of the tract occupied by these Warkilli 
beds west of the Neyar is thickly covered by sandy loam, generally of dark 
red colour, which conceals the sub-rock very effectually, excepting where the 
loam is deeply eroded. A well-marked patch of purplish grit forms a knoll, 
about a mile south-west of Valrampur. Traces of the former, more easterly, 
extension of these beds are to be «een at intervals along and to the north 
of the Trevandrum-Tinnevelly road between Valrampur and Keyatum Karai. 

In the tract lying east of the Neyap few sectioas exhibiting the grits, <bc., were 
met with, and all were small and unsatisfactory. The surface of the country is 
either largely covered with the deep red soil,^ or else the extremely broken surface 
of the gritty beds is extensively lateritised. The appearance of the country when 
seen from elevated points is, however, charactcristieally very different from the 
gneiss and kabuk tract lying to the northward. This may be well seen from Colatoor 
trigonometrioal station hill, as also from the high ground close to Cauracode, but 
yet more strikingly from the Kodalam Fothia, a hill 2 miles west-north-west of 
Paurashalay. Sections in which the true character of the rock is to be seen occui* 
on the high ground close to the junction of the new roads leading from Pnar 
(Powaur) and Martanda Putentorai respectively to Paurashalay, also to the 
southward near Shoolaul (of map), where a large rain guUy cuts deeply into the 
grits and underlying clayey beds; also along the ridge of high ground north and 

* 1 Mled utterly in identifying this and many other of the villiige names given on the map 
(sheet 68). It was veiy difficult to localise the positions of inaiij phenomena 1 wished to record, 
even if landmarks existed on which to take hearings, owing to the extreme inadequacy of the map. 
The fact that the vill^^ and hamlets generally straggle far and widely over the face of the 
country, instead of coinciding with any points indicated on the map, does not at all assist one iu 
fixing one's whereabouts in the absence of landmarks. 
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north-east of the Yeldaseput of the map. Traces of the former eastward extension 
of the grits were noted on the eastern flank of the Kodalaxn Pothai, and on high 
ground half a mile or so to the northward of the cutcheriy at Paurashalay. The 
beds composing this patch of Warkilli rocks have undergone greater superficial 
denudation than those in the Karruchel patch to the north-west. 

In the small patch lying east of the Kuletorai (Cooletoray) river some in¬ 
structive sections of hard dark grits and underlying clayey grits of the usual 
reddish, bluish, and white mottled colour are to be seen south of Elilliur (Killioor). 
Some of the sections show reg^ar miniature ‘ cafions’ 16' to 20'deep, with vertical 
sides and numerous well formed pot-holes. Hard purplish grits show on the 
surface between Hillioun and Pudukaddi (Poodoocudday) and soft mottled grits 
in a well section close east of the little D, P. W. bungalow at Tengapatnam, 
(Taingaputnum). At the southernmost point of this Killiur patch the grits 
become coarsely conglomeratic over a small area. A little to the. north of this 
the grits, when resting on the basset edge of a bed hf granular quartz rock, 
present the characters of a perfect arkose, made up of the angular gneiss debris. 
In places this arkose might be most easily mistaken for a granitic rook. 

A distinctly conglomeratic character is shown by the grit beds close to 
Madalam (Muddaulum), This Madalam patch of Warkilli sandstones is on its 
southern side deeply cut into by a gully which exposes regular cliffs with from 
35 to 40 feet of coarse or conglomeratic mottled grits, capped by thick red soil. 
The grits contain many large clay galls and lumps of blue or mottled colour. 

In the Kolachel (Collachull) patch the grits are extremely well exposed in 
deep cuttings (miniature cailons) made by the stream rising just west of Neyur, 
They are of the usual mottled description. Where seen at the eastern side of 
the patch near the Eranil (Yerraneel) cutcherry they are quite conglomeratic. 

They are exposed also in a gully crossing the road which runs north from 
Kolachel to join the main road, and in a well-section on the high ground a mile 
north-eastward of the little town. The south-eastern part of the patch is 
entirely obscured by a great thicknoSli of dark red soil. They peep out, however, 
below the red soil at the western end of the great tank 3 miles south of Eranil 
(Yerraneel). • 

A veyy thin bed of conglomeratic grit underlies the #m, or red sand-hill, 
capping the high ground north of the Muttum (Moottum) headland. Further 
east a few poor sections only of whitish or mottled grit prove the extension 
of the WarWlli beds in that direction, nor are they well seen again till close 
into Kotar, where they show in various wells and tanks, but are still better seen 
in a deep rain gully south of the travellers’ bungalow at Hagar Koil, and in 
a broad cutting immediately to the east of the bungalow. The variegated gritty 
sandstones here seen are vmy characteristic, and strongly resemble some of 
the typical varieties in South Arcot and Madras districts. 

To the south of Kotar the grits are to be seen in streambeds opening to the 
Purrakay tank, and in a series j>f deep rain gullies on the eastern slope of a largo 
red soil plateau to the south-weit of Purrakay. 

A si^l patch of gritty sandstones of similar character to the above occurs 
ittf^iately north and north-west of Cape Comorin. As a rule, they ore badly 
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exposed, being much masked by the red-blown sand of a small teii. The most 
accessible section is a small one seen in the bottom of a good-sized bowrie, a little 
south of the junction of the roads coming from TreTandrum and Palamcotta. 
This section can only be seen when the water in the bowrie is low. A consider¬ 
able spread of similar greyish or slightly mottled grits is exposed about half a 
mile to the north-east of Cova Colum, and miles north-west of the Cape. 
Lying between the two exposures just mentioned, but separated from either by 
spreads of blown sand, is a diffei*ent looking vermiculated mottled grit of much 
softer character. This is extensively exposed iu the banks of a nullah and head¬ 
water gullies falUng into the Agusteshwar, The colour of this soft grit ranges 
from red, through buff to whitish. The beds roll to the northward. This grit 
is full of vermicular cavities filled with white ’or reddish kankor (impure 
carbonate of lime). The grit seems to graduate upward into a thick red gritty 
soil full of small whitish red, impure (gritty) calcareous concretions. There is 
good reason, however, fo» thinking that this graduation is merely apparent, and that 
the red gritty soil is only the base of a red sand-hill, or ten, undergoing change 
by percolation of calciferous water, A hard brown grit is exposed for a few square 
yards just north of the junction of the two roads above referred to. This rock has, 
except in colours, considerable resemblanqe to the red-white grit just described, 
and both probably overlie the pale mottled griis near Covacolum. 

The last patch of g^ts to be mentioned forms almost the extreme easterly 
angle of the Travancore territory, and lies to the eastward of the southernmost 
group of hills and along its base. Not many sections of the grit are here exposed 
owing to a thick red soil formation which laps round the base of the hills, and is 
only cut through here and there by a deep rain gully or a welL The grits here seen 
are like those exposed near the travellers’ bungalow at Nagar Koil, but show 
much more bedding and are almost shaly in parts. The colour of the grit is 
white, pale drab or grey mottled with red and brown in various shades.. They 
lie in depressions in the gneiss, and were either always of much less importance 
and thickness than the beds to the west,) or else have been denuded to a feir 
greater extent. They are best seen in gullies to the south-west and west of 
Busshun Kristnapur, 7 miles north of Cape Comorin, and in the beds of the 
small nullahs west and north-west of Comaravaram opposite the mouth of the 
Arambuli pass. None of these Warkilli grit beds occurring between Trevandrum 
and Cape Comorin have 3 rielded any organic remains as far as my research has 
gone, and I fear none will be obtained by subsequent explorers. The alum shales 
occurring in Dr. King’s Warkilli section have not been traced in South Travancore, 
and I had not the good fortune to come across any lignite. It is said to occur 
not unfrequently to the south of Kolachel, and to be turned up by the people 
when ploughing their fields. I have no reason to doubt this, for it is extremely 
probable that some of the clayey beds should contain lignite. Prom the configura¬ 
tion of the ground, too, the paddy flatalong the southern boundary of the Kola¬ 
chel grit patch would coincide in position with some of the clayey beds near the 
base of the series which are lignitiferous at Warkilli; and why not at Kolachel? 

The recent discovery of lignite in the Cuddalore sandstones at Pondicherry 
adds greatly to the probability of the correctness of Dr. King’s and my conclusion 
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(arrived at }yg ns separately and independently before we had an opportunity of 
comparing notes) that this gritty bed in Tinnevelly and Travanoore should be 
regarded on the grounds of petrological resemblance and identiiy of geographical 
position as equivalents of the Guddalore sandstones of the Coromandel coast. 

The question of the age of these Guddalore or Bajahmundry or Warkilli 
sandstones I propose to examine in the Memoir on the Geology of the Coastal 
region of Tiimevelly and Madura districts which 1 am now preparing. 

The Marine Beds. 

At Cape Comorin and two other places along the coast to the northward are 
formations of small extent but very considerable interest, which, by their mineral 
constitution and by the abundance of fossil marine shelb they enclose, show them* 
selves to be of marine origin, and thus prove that the coa«it line of the peninsula 
has undergone some little upheaval since they were deposited. These beds are to 
be seen close to the Cape at the base of a small clifi which occurs immediately 
south of the Besidency bungalow, and only about 200 yards west of the Cape 
itself. The annexed plate is a taruthful sketch of the little clifE, taken from a 
mass of gneiss rock projecting some little distance out to the south. The rocks 
seen in the surf, and immediately behind it on the beach, are all gneiss. The base 
of the small clifE is composed of friable gritty calcareous sandstone, full of com¬ 
minuted shells. The base was not exposed at the time I examined this section, some 
heavy gale having piled up the beach sand against the foot of the clifE, and for this 
reason it was impossible to trace the probable connection of this sandstone with 
another exposed at a slightly lower level at a few yards distance to the west and 
just beyond the left-hand limit of the sketch. This lower bed is similar in 
mineral character, but very hard and tough, and ofEers great resistance to the surf, 
but has nevertheless been deeply honeycombed and in places quite undermined. 
The roof of the miniature caves thus formed have in some cases fallen in, but 
have been partly re-cemented by deposition of calcareous matter in the lines 
of fracture. To return to the cliff sedtion, the basement sandstone is overlaid by 
a similar but slightly harder yellowish friable bed, which contains many unbroken 
shells (all of living species), 4n addition to a great quantity of comminuted ones. 
The base of the lower bed is hidden by sands, but from the proximity of the gneiss 
it cannot exceed 5 or 6 feet in thickness, while the overlying shelly bed measures 
about the same. It is overlaid in its turn by a massive bed, 6 to* 10 feet thick 
looSlly, of a kind of travertine formed of altered blown sand, composed mainly of 
fully comminuted shells. This travertine contains immense numbers of shells and 
oasts of Melix vittata, the commonest landshell in the south; it will be described 
specially further on. Owing to the soft character of the marine sandstones, the 
(diff has been much undermined by the tremendous surf which breaks on this 
coast in weather, and great masses of the hard travertine of the Helix bed 
have - fallen cn to tiie beach, as shown in the sketch, foiming a partial break- 
waiter against the inroads of thfi tea. 

The ^ells contained in the upper sandstone bed were all found to be of living 
r^iecfiea, where sufficiently well pVffiierved to admit of identification, the majority 
^0 specimens are too ill preserved for specific identification. Four miles north- 
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north-east from “ the Cape,” as it is looaliy termed, stands the little stone-built fort 
of Watta Kotai (Wutta Kotlm), which is built upon a small patch of calcareous 
sandstone, full of marine shells, exposed in the moat along the north face of the 
long curtain wall which joins Watta Kotai fort with the extensiye series of fortifi¬ 
cations known as “ the Travancore lines.” The marine limestone may be traced for 
nearly hajlf a mile inland in the bottom of the moat. This marine bed is overlaid 
by a very thin bed of travertine limestone full of fleZtaj vittaia ; it has been out 
through in the formation of the moat. The thickness of the shelly marine bod is 
unknown, but the Helix bed is not seen to exceed 10'' or 1' in thickness. As far as 
seen in the very small exposure, both formations lie nearly horizontally. Another 
small exposure of the marine bed occurs at the western end of a little backwater 
(not shown in the map) to the north of the port. The sandstone here contains 
many well preserved marine shells, all of living species ; but further west, where 
the bed is exposed below theHelix bed in the moat the enclosed shells are all broken 
and comminuted. The surface of sandstone, as seen at the end of the little back¬ 
water, is raised but a very little distance above the sea level, probably not more 
than 4 or 5 feet at the outside. The rise of the ground along the moat is ex¬ 
tremely small, and even at the furthest point from the sea at which the sandstones 
are exposed the elevation is probably not more than 10 or 12 feet at most, which 
would correspond with the top of the sandstones as seen in the little cliff at Cape 
Comorin. 

About 2 mil^ north-eaat-by-north of Wattakotai fort a small patch of white 
shelly limestone occurs peeping out of the low belt of blown sand which fringes 
the coast at that spot. The village of Eanakapur which lies immediately to the 
north is the last within the Travancore boundary. The limestone only stands 
out a few inches above the surface of the surrounding sands, and no section could be 
found to show its thickness, but in point of elevation above the sea level it agrees 
perfectly with the Watta Kotai and Cape Comorin beds. The limestone which 
is fairly hard is quarried for economic purposes, and unless a good deal more of 
the bed than now meets the eye remains hidden under the sands, it will, before 
many years are over, have been removed by human agency. 

The shell-remains occur as impressions and casts of great beauty and perfect- 
ness, but the shelly matter has disappeared entirely, being probably slightly more 
soluble than the enclosing limestone. The limestone contains a large number of 
specimens of Meliz vittaia which were evidently carried out to sea and there 
entombed in a shallow water formation. To any one who has noticed the enor¬ 
mous numbers of this Helix living in this neighbourhood, and in the southern 
districts generally, the large number of it occurring fossil in this marine bed 
will be a noatter of no surprise. 

The Blown Sands. 

Two very marked varieties of .^olian rocks occur along or near the coast of 
South Travancore, as well as along that of Tinnevelly; they are the red sands, 
forming the well known teris of Tinnevelly, where they are developed on a far 
larger scale, and the white sands forming the coast dunes. In South Travancore, 
as far as my observation went, the red sand hills are no longer forming; all are 
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undergoing the process of degradation by atmospheric agencies, at various rates 
of speed. The red sands have in many places ceased to yield to the influence ot 
the winds and have arrived at a condition of fixity and compaction caused by the 
action of rain falling upon the loose sands percolating through them and during 
heavy showers flowing over their surfaces and washing the lighter clayey and 
smaller, though heavier, ferruginous particles down the slopes of the hills or into 
hollows on the surface, where, on drying, a fairly hard, often slightly glazed, sur- 
face of dark red loam has been formed. This loam is very fairly fertile and soon 
becomes covered with vegetation, which further tends to bind' the mass together 
and render the surface secure from wind action. The loose sand, deprived of 
the clayey and finer ferruginous particles, would, unless unusually coarse in grain, 
be carried ofE 1^ high winds elsewhere or remain in barren patches on the suiface. 
I believe this process has gone on extensively over many parts of South Travan- 
core, and explains the existence, on the surface of the country and resting indis¬ 
criminately on the gneiss and the younger rocks as the vVarkilli sandstone, of the 
great thick sheets of pure red loam which have not been brought there by 
ordinary aqueous deposition nor formed zw situ by the decomposition of the under¬ 
lying rocks. The percolation of the rain-water through the mass has in many 
places given rise to the formation of concretionary ferruginous masses, which are 
often strongly lateritoid in their aspect. The quantity of clayey matter and of 
iron ore in the form of magnetic iron is very great in the sand of many of the 
teris. The greater quantity of the water falling on the teris, as on other blown 
sand surfaces, escapes by percolation, and it is a common phenomenon to find springs 
issuing around the foot of the sand mass during the rainy season and becoming 
dry in the hot or rainless season. 

The teris in South Travancore which stiW retain their character as accumula¬ 
tions of moving red sands are four in number and all very small, the largest not 
measuring one square mile in area. They are all close to the coast and with one 
exception stand high and conspicuous to ships passing along at a fair distance. 
The largest and most conspicuous is <hat at Muttum which caps the high ground 
with the new light-house. The process of fixation has gone on here largely and the 
moving sands cover a much Waller space than does the fixed portion^- The same 
may be said of the teri resting on the south-eastern extremity of the Kolache 
(Colachul) sandstone plateau. To the north-west of Kolachel are two much smaller 
teris at the distances of 3 and miles respectively. In both of these also the 
area of the fixed sand far exceeds that of the loose. Especially is this the case 
in the more northerly teri near Mel Madalatorai (Maila Maddalaitoray). Here 
the fixed part has undergone tremendous erosion and is traversed by long and deep 
rain gullies, with vertical sides up to 20 or 25 feet high. Gullies on a yet larger 
scale are to be seen at the south-east corner of the Kolachel sandstone patch and 
at the eastern side of the Muttum patch. Veiy large but shallower gullies are to 
be seen at the south-east comer of the Nagarcoil patch, where there is a very large 
fixed teri. * 

* 1 have shown the extent of the unfixed or moving teris on the map; the fixed part I have 
trefttefias a soil and ignored accordingly. 
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The email teri immediatelj behind Cape Comorin is a verj poor specimen 
of its kind, and, in fact, hardly deserves to rank as one owing to its pale colour 
and poverty in iron sand, but it will not do to class it as a coast dune, as it con¬ 
sists mainly of silioious sand, while the true dunra at the Cape consist mainly 
of calcareous sand composed of comminuted shells, corallines, nullipores, &c. 

The sand of the typical teris is silicious or ferruginous (magnetic iron), the 
former being well rounded and coated with a film of red oxide of iron, which 
is removeable by boiling in nitric acid for a few seconds. Common as garnet 
sand is on the beaches of South Travancore, I never yet found a grain of it in 
the teri sand, where the latter was pure and had not been mixed with beach sand. 
Much difficulty exists as to the source whence the red sand was derived; but I will 
not attempt to discuss this question here, as I hope to treat it at much greater 
length than I could now, in a Memoir on the Geology of Tinnevelly and Madura 
districts which 1 have in preparation. 

The coast dunes of South Travancore are, except close to the Cape, in no way 
remarkable. A large patch of small hillocks to the north-west of the mouth 
of the Kuletorai (Cooletoray) river was caused by the wind shifting a great mass 
of sand turned out when the new canal was dug and heaped up on the north 
bank of the canal. 

Some tolerably high ridges occur 3 miles south-west of Kolachel. The sand 
here contains so much fiine magnetic iron that it looks in parts of a dark grey 
colour, shading here and there almost into absolute black. 

A considerable quantity of blown sand fringes the coast from the Muttum 
headland eastward to Cape Comorin, and between Pullum and CuUadevella forms 
some considerable hills. At Covacolum the highly calcareous beach sand which 
forms many low hillocks has been ^solidified in several places into coarse shelly 
limestone. The Helix bed at Cape Comorin already referred to, when treating 
of the Marine-beds, is really an altered sand dune, the calcareous matter of 
which has, by percolation of acidulated water, been dissolved and re-deposited, on 
evaporation of the water, as a subacrial travertine. Countless thousands of Helix 
vittata, and a considerable number of shells of Nanina tranquebarica, the two 
commonest land shells in this part of India, have be%n inclosed and fossilised in 
the formation of this travertine, which is evidently in constant progress. The 
immense wealth of shellfish of all kinds, added to large quantities of corallines 
and nullipores, incessantly thrown up by the surf, furnishes an abundant supply 
of calcareous sand for the formation of this travertine, which forms a bank more 
than a mile long and rising some 80 feet or more above the sea at its highest 
point. Its inland extent cannot be ascertained, as it is covered by loose sands. 
It probably only extends 300 to 400 yarde inland and abuts against a low ridge of 
gneiss. 

Coral Beefs. 

A few tiny fringing reefs are to be seen half to three-fourths of a mile west of the 
Cape, half in the surf at low tide, and wholly in it at high tide. They are now to 
be considered as dead reefs, abandoned by the polypes that built them. I examined 
most of them carefully, without finding any Uve coral, and was inclined to doubt 
the correctness of my inference, drawn from their tabular shape and many shal- 
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low basin-like cavities; bnt latear on, when examining some idenfetetol fringing 
reefe off the tinneveUy coast to the south of Kndung Knlam trij^nomeiarical 
station (the south point of the Cape Comorin base-line), I found a considerable 
quantity of live coral lining the sides of the little basins, and equally large 
quantities of coral quite recently dead in adjoining basins. 

A great deal of shell debris, sand and broken stone, is induded in the mass 
of the reefs which in several places have formed around masses of rock standing 
in rather shallow water, and joined up many loose blocks of stone tpssed on to 
them by the surf into tremendously coarse conglomerates. Some similar reefs, 
but of rather larger size, occur along the coast to north-east of Cape Comorin; 
in these the tabular mass extends from 10 to 40 and 50 feet in width, from the 
shore to the constantly surf-beaten outer edge. In one or two places parts of the 
reef had evidently been founded on sand, which had been washed away, leaving 
an unsupported surface of many square yards in extei^, which the surf of the 
next high tide or first gale of wind would either bre^ up or else again support 
with sand washed under it. These little reefs are worthy of much closer ex¬ 
amination than I was able to bestow upon them. 

The coral fauna of the Cape Comorin sea is on the whole a remarkably poor 
one, as far as one may judge by what is to be found thrown up on the beach. 
Dredging might reveal much more, but unfortunately no boats are to be found there, 
only Kattumarams (Catamarans), which would not be the most convenient form 
of craft from which to carry on scientific observations. The sea here is, however, 
BO very rich in nuimnl life in many forms, that it wotdd assuredly afford a rich 
reward to any one having a suitable vessel at command. I obtained in a very 
short time a far larger number of species of shells here than at any other place on 
the Indian coast. • 

Soils. 

The prevalent soils are red ones, varying in the quantity of their ferruginous 
element. The red soils seen inland near the main trunk road are chiefly formed 
of gneissic debris by suhaerial decomposition. The origin of the deep red sandy or 
clayey loams has already been discussed (ante, page 32). They occupy no in¬ 
considerable area. True alluvial soils occur very rarely, if at all, now-a-days; those 
which fill the bottoms of the many valleys and creeks in whidh paddy is cultivated 
being greatly altered from their original condition by centuries of cultivation, and 
the addition of various mineral, vegetable, and animal manures. Estuarine beds 
full of subfossil shells, Oytherea, Pottamides, Melania^ &o., of living species wq 
exposed in the salt pans at the mouth of the Kolachel nullah. 

Tim alluvium in the valley of the Paleyar, which flows south from the west 
fla nk of Mahendragiri past Nagurkoil, is, where pure, a coarse gritty silt. 

Samrmc Qeology. 

TaiuaMe minerals and mflals are conspicuous by their absence in the part of 
Sohih Travaneore I had the pleasure of ecqjloring. I came across no sign of 
^^y mineral indus^, except the preparation of sea-salt in. the pans near Kolachel, 
traooi Of did iron smelling industry carried on formerly at feet of the niow 
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bare, and roclq^ bills east and nortii>east &t bj^rladdy and some 7 miles north-west- 
by-nortb of Cape Gomoiizu Judging freon Ihe laige quantity of iron slag here 
remaining, the smelting industry must Have been an important one for native 
workmen. I could get no information'about it on the spot. 1 met with no existing 
iron smelting industry in the villages I traversed, probaUj because of the absence of 
rich supplies of iron ores. The supply of beautif al building stone is practically un¬ 
limited, but not much use seem to have been made of it. Travancore architects 
seeming to prefer the use of wood, the chief large stone buildings are the extensive 
fortifications erected to bar the way into the country from the eastward, and known 
as the Travancore lines. They are mostly built of gneiss, Wattakotai port already 
referred to being a very fine example of excellent well-cut masonry. At the 
ex^me south end of the lines, where they abut on the sea near Cape Comorin, 
blocks of the marine sandstone have been employed in the walls to some extent, 
but have been much afEected ly weathering. The old fort at Udagiri (Oodagerry) 
is another extensive storn/building. 

Of the temples, which are usually fine specimens of stone work in South India, 
I have nothing to say. Non-Hindus may not approach them for fear of rousing 
the fury of the ultra-bigoted Brahmans, who unfortunately retain far too much 
power in Travancore, and exercise it to the. detriment of the country generally. 

Some of the hard sandstones of the Warkilli series have been used for bt^d- 
ing to a limited extent, and I noticed not far from Fuar a good example, perfectly 
new, of a stone cattle-trough cut out of homogeneous pale, purple and white, hard 
lithomarge of very jaspideous appearance. I did not see a similar rock in situ, 
but it evidently came from some bed beloxiging to the Warkilli series. 


Sitme notes on the Geology of Chamba hy Coloneii C. A. MoMa.hon, F.C-.S. 

I propose, in the present paper, to give the results of some tours in the moun¬ 
tains adjoining Chamba, in continuation of my papers “on the geology of 
Dalhousie,” and “ on the section from DaUtousie to P^gi “; and I pre-suppose, 
on the part of the reader, a knowledge of the facta recorded in those papers. 

In the first instance, I shall ask the reader to tkccompany me from BasaoH, 
over the B&njal (Banjil) and Chattar Dh&r passes, to Bhadarwdr (Badrawar). 

Leaving Basaoli, the Siwaliks continue with a steady N.-B. 5° E. dip all 
the way to Bhond (Pood). About half-way to the latter village, the coarse 
conglomerates of this series give wny to red clays and massive sandstones, which 
in their turn are succeeded, near Bhond, by a fine-grained conglomerate, oorre- 
sponding to the topmost Siwadik bed^ of the Danera-Dalhoasie section. 

At Bhond, the Siwaliks dip under indurated red clays and fine-grained 
sandstones of dark-grey colour. Both the clays and the sandstones ere full of 
fiwfl specks of a silvery mica. These rooks, I presume, represent the Dagshai and 
Najia uli groups of the Sirmur series. They ip N. 11° B,, and extend as far as 
Seloo. 

These beds are followed ly a massive quartzite of whitish colour, dipping east 
and then by the slates and limestones of the carbo-triMsio series, which have also 
an easterly dip. The limestones are idle ribbed variety previously described, and 
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.thej contmue to the top of the B&hjal pass, 'die elevation of which is, according to 
my aneroid barometer, 6,325 feet al^ve the sea. At the top of the pass the rocks 
dip S.-W. 11® S., but the dip is high and nearly vertical. The carboniferous 
slates become very black as the gneiss is neared. 

About 2 miles below the top of the pass, on the northern side, the first out¬ 
crop of gneiss appears. The rock, as seen in this section, is a thoroughly crys¬ 
talline gneiss, but it is never granitoid. Its dip is nearly perpendicular. The 
gneiss continues down to the Sewa river,—^the river that flows from the Ohattar 
DhAr into the Ravi,—and as the stream is approached the dip becomes more 
moderate. 

On the descent to the Sewa there is a bed or dyke of fissile trap, about 20 
feet wide, in the gneiss. It appeaieto be a decomposed diabase. It is of greeniiih- 
grey colour and its specific gravity is 2*96. Under the blowpipe it fuses readily 
to a black magnetic bead. The microscope reveals pieces of still unaltered 
angite here and there. Felspar may be traced in i^, but it is greatly altered. 
A banded, or pseudo-foliated appearance, observable in this rock, is due probably 
to the infiltration of water along lines of cleavage due to traction or pressure. 
Along these lines minute granules of quartz—some of them of elongated form- 
are visible. This mineral is doubtless a secondazy product. The quartz does 
not contain any fluid cavities which are very abundant in the quartz of .the 
gneiss. 

At the point where the road strikes the Sewa, the gneiss is succeeded by 
blue, micaceous slate, and as Bani is neared, the dip of the strata reverts to 
N. 11® W. The schistose rocks are of a type commonly seen in the neighbour, 
hood of Dalhousie (as, for instance, on the road to Chuayi), crumbling to a soft 
bluish-white powder, suggestive of french-chalk. 

The outer band of gneiss is, in this section, some thousands of feet thick. 

I observed no outcrop of the trappean zone in this section; it has apparently 
either thinned out, or has been cut off by a fault. 

Schistose rocks, dipping N^-E. 18^ N., all of which could be matched in the 
Dalhousie area, continue from''Bani to Loong, where the “central gneiss” crops 
out on the right bank of the Sewa. It runs thence in a nearly straight line, 
following the direction of the river and keeping on the right bank through 
ChunchH (Chounchli), and crosses the Sewa some distance above the last-named 
village. 

At first the slates, in contact with the “ central gneiss,” dipped E. 11® K. 
away from the granitic rock, but afterwards they became perpendicular. 

The granitoid gneiss here is a porphyritio and perfectly granitic rook, much 
traversed by joints, but I could not make out any bedding. At one place I 
noticed that it had intruded between the bedding of the slates. It continues for 
SKnde miles, when the slates re^appear, dipping E'.-E. 11® E. away trom the 
^naute. The road, from point, runs, almost along the boundary of the 
and slates, up to the of the pass (elevation 9,650'). The granite is 
iram the road, on the rjight bank, of the stream; whilst the slates ore 
the left bank all the way up. 

granitdld ^eiss continues to be seen on the left of the rpad for about 
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2| miles down the north side of the pass. From this point the slates continue 
down to Bhadarwdr. The dip remains unchanged. 

The Kund FZapl&s (Koond Kaplas), in many respects, seems to he an analogue 
of the Chor mountain of the Simla area. It is 14,241 feet high, the elevation 
of the Chor being 11,982 feet; and like the Chor it abuts on the plains and appears 
to bo formed of “ central gneiss.” It will be seen from the observations made on 
this tour, that the central gneiss ” suddenly expands to a great width of outcrop 
as the Kund Kaplas ” is neared. 

My route now leads back over the Padri ^ pass. The rocks seen en route are 
slates, ahd on the ascent of the pass they are quite typical ** Simla slates 
dip, N.-B. 6® N. 

About two-thirds of the way between Thanala (Tenala) and the top of the 
pass (elevation of top 9,700'), I encountered my old friend, the “Blaini conglo- 
meiate.” It is quite typically developed, and the detailed description given of 
it in my paper on the Balhousie and P6ngi section applies equally well to the 
rock seen in this section. On the conglomerate there rests, 975 feet below the ^ 
summit , of the pass, about 50 or 60 feet of pale-blue limestone. Above the 
limestones slates re-appear. 

On the descent of the pass, going east, the slates are vertical, or nearly so, 
having a very high dip, sometimes in the normal, or north-easterly direction, 
and sometimes in the reverse direction. This variable underlie prevails, along 
the line of strike, in an easterly direction, as far, at any rate, as Manjir. 

The conglomerate re-appears on the road side, about half a mile below the top 
of the pass. It runs thence to near Langera (Langaira), idmost in a line with 
the road, cropping up on the road side more than once. Near Langera the out¬ 
crop is of great thickness. , 

Where the road, near Langera, descends to within a few yards of the river, the 
conglomerate contains a boulder of granitoid gneiss 1' 3" long. Mr. Lydekker 
has already noted the presence of granitoid gneiss^ boulders in the slates of 
the Pdiugi-Lahoul valley; and the discoverj^ of a similar boulder in the silurian 
conglomerate, on this side of the snowy range, is interesting and important. 

1 saw numerous blocks of pale-blue limestone, weathering buff, in the vicinity 
of the conglomerate, between the top of the pass and Bh&ndal (Baundal), but 
I doubt if any of them were in sUu. They probably indicate the presence of 
the carbo-triassic series in the mountains which bound the north-eastern side of 
the Siul* valley. 

The conglomerate continues in the same general direction as the river the 
whole way to Bhindal. I counted ten outcrops of it« m aituy on the road ride, 
between Langera and Bh&ndal. Some of these outcrops run with the road for 
a considerable distance. 

^ This void U not PIdri, bat Padri, which means flat. 

* The presence of granite, or syenite, bonlders in the conglomerate at Garris, in Kashmir, is 
also noted by Mr. Lydekker at p. 24, VoL XII, Reoonls. 

* Knn^ Maitfl (Kandi Marl), the name entered on the map, is not the name of the valley, as 
one woald snppose, or the name of the river that runs throagh it, bat tiie name of an eneominng 
ground, where the peg to which a Baja's borse was tied is srid to have grown miraculotuly into a 
big tree. Hmce the nMue. 
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A oaJcareOQS bftnd (weathering hnfi 0 cn>ps ont about 4 miloa to the S.-E. of 
Prangal (Pnmgli), and re-appeawi aereral times afterwards. 

To the east of Bh4ndal the conglomerate runs with the road for some 
distance. 

It will, perha|)S, conduce to clearness, if I note in this place the several out¬ 
crops of this rock which I have, up to date, noted along the line of its strike in 
an easterly direction. On the ascent of the ridge between Dihur (Ouire) and 
Manjir, the conglomerate crops out on the road side, and, crossing the ridge with 
the road, descends to the river between Manjir and Kandla. 

In my paper on the Oalhousie and Pdngi section, I did not note the occurrence 
of the conglomerate on the left bank of the river to the east of Manjir, as, owing 
probably to the predonnnanoe of vegetation, I did not see any outcrop in $itu; 
but the conglomerate, I doubt not, in its eastward extension, passes somewhere 
in the neighbourhood of Balore. 

I came across another good outcrop of the rock In the mouth of tl^e Hulh 
(Hnl) valley, (immediately north of Ohamba), between the villages of Baroar and 
Ohambi Proceeding eastwards from Chamba up the Bavi river, the conglomerate 
again appears on the road side at the bend of the river, a little to the east of Chin 
(0uar). It continues thence in a nearly straight line to Chitrili (Chitralri) 
SoWala, and curving round above Nauknla, it passes a little above Aulansa 
(Hulans), and thence a little to the north of G-iima, onwards through Suchai 
and Bauxi (near Barmaor) to Ponlda and Kund. 

I have noted numerous outcix^ along the line indicated, but it seems needless 
to describe them in detail. The country between the outcrops near Manjir and 
in the Hulh valley, and between the latter and Chin on the Bavi, I have not yet 
explored. I have, also, not been to the easj[ of Harser, as the route I followed 
took me towards the sacred of Man Mhaish (Mammaas). 

It is interesting to note the oontmuons outcrop of the upper-silurian con¬ 
glomerate along a Hue parallel to the granitoid gneiss, as it confirms the conclu¬ 
sion jureviously arrived at, that ws have in the Dalhousie-Chamba section a 
nonn^ sequence of silurian rodla resting on the granitoid gneiss. 

Between Chamba and Pancho the dip is north-easterly. Near Harser, the 
<dip, which had jweviously been moderate, becomes vertical, but between Harser 
and Daucho it again subsides into a N. E. dip. 

BetweemChamba and (Maila), the granitoid gnems crosses to the right 

bank of the Bavi, at the bend of the river under Tandola, re-crosehog to the left 
bank near Baoua. It jnssas to the right bank, again, beyond Bania, and then 
..h^tSnuing its comne under IH4gBra and above Koranh, it finally leaves the river 
Aear Mahila. 


At the junction of the granitoid gneiss and the slates, the fomer is granitic 
the latter is indurated, and sometimes siHcious and massive. Under Pan- 
^oM^.(Pa^gara), near the jtmotiOT iri the two rocks, tiie slates are contorted, and 
is a sudden xeversid irith more or less local Suiting. At the actual 

toastone*. weathering baft, is a .pecnBrnd^whieliappeBn to be ecoaaiou iosemal 
the eiirbo4riai(iio series a^ fiHaud limestone. Itdoes not help to disttagiusb the 



FAAT 1.] 


McMahon : ihohg^ of Chamlm.' 


S9 


jonction the dip of the slates is nomud. The plane. of diTisictn between the 
schistose slates and the granitoid gndss is not sharp, but the granitoid gneiss 
appears to be blended into the slates by imperfect intrusion. 

I now ask the reader to return with me to Ghamba, and accompany me up 
the Hulh Tall^. 

Up to the outcrop of the conglomerate, between Baraur and Ghambi, the 
rocks are silnrians and the dip normal. After Ghambi, the path (there is no 
made road, and consequently no good road-side sections) lies alcmg a fertile and 
w^-wooded valley. Vegetation is rich, and rocks, in situ, are only to be seen 
here and there. 1 saw no outcrop of limestone. 

A little to the north of Hulh, I came upon trap resembling the Dalhousie rock, 
and it extended to about the level of Bhaloth (Balote). As I am not, at present, 
sure whether this outcrop of trap occurs to the north or to the south of the carbo- 
triassio series seen in force south of Kalel (Kalail), on the Ghamba and Tisa road, 
I reserve further remarks on this section until I can explore the mountains round 
the Brundhurst station. 

My route now lay up the Hulh valley, over the high ridge at its head, and 
thence down to Kalel. I was able to trace the boundary of the carbo-triassic series 
and the conglomerate. The latter runs A little to the north of Sairu, and con¬ 
tinues parallel to the river, striking towards the ridge that terminates at the 
bifurcation of the stream. Numerous blocks of typical conglomerate fill the bed 
of the stream. 

The section from TCnlftT to Tikri has been already described. My route now 
lay from Tikri to Himgiri (Himgir), and thence round the BQmgiri station to 
Digi and Dihur, and back again along the river to Him^ri. The rocks about 
Tikri are Silurians—^micaceous schifitose rocks, crumbling to a whitish soapy 
powder. 

The northern boundary of the conglomerates runs a little south of Tikri (not 
the village above alluded to, but another vill^ of the same name under Himgiri), 
and thence to Laura towards the Hiingiri Nation, which it leaves a Uttle on its 
right. The southern boundary of the conglomerate crosses the ridge west of 
Kale! at Dhar, and continues thence up the Gulel (Gulcul) valley. I met with 
typical outcrops of the rock on the ridge east of Bila (under the Himgin sta¬ 
tion), and again along the ridge above Gulel. I found another good outcrop on 
the ridge between Gulel and Tiloga. 

The dip is normal until Himgiri us neared, when a S.-S.-W, dip sets in. 
To the west of Himgiri, this changes to a S.-W. 11“ W. dip, and then becomes 
nearly perpendicular. Beyond this, the dip reverts to ’the N-E. Further on, 
it b e com e s high amd wavers oooasionaBy to the south-west, but eventually 
settles down to a N-E. dip* 

In contact with’the con^omerate, a trap, similar in its general appearance^ 
to the Dalhoutie rock, crops up along the ridge diviffing the Gulel &oia the 
Tiloga valleyt The outcrop is of oor^ideiable thickness, and in its S -W.extension 

* I have sot ss yet this ahces of it under the microBoope. 
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it donuiOateB the ridge nmning down to Dihnr, in the neighl»nrhood of which 
it either dies out or is oat off by a fault. The outcrop appears to widen in 
its northerly extension, and U is evidently present in force along the high ridge 
N. B. of Bhandal, the s'breams flowing down from which are. full of boulders of 
trap. The western boundary of the trap runs a little to the east of the yillagM 
of Tiloga* Baroga, Kalsara, and Chikotra, 

Following the road from Dihur to Himgiri, I found that where the road 
orosses it the outcrop is still of considerable width. It crops out at no great 
distance from Dihur, and extends to near the village of Dalai, On following a 
low-level path, near the river, as far as the stream to the north of Banjwar, 
however, I found that the trap does not extend as far east as this village. 

Along the south-western boundary of the trap, the latter is in sharp contact 
with the limestones of the carbo-triassic series. This is well seen on the road 
leading from Dihur to Himgiri, where the limestones, which dip about . K. 
B., are in great force. Both the trap and the limestones are typically deve¬ 
loped, and this latter do not appear to be at all altered at their junction with 
the trap. 

The Umestone series is also well seen along the crest of the ridge north of 
Manjir. It crops out a little south of Nandla, and extends as far as Dhar. The 
dip, which is variable when the limestones first appear on the crest of the ridge> 
soon settles down to a N.-B, 5" B. dip. Some of the limestones are pale-blue, 
some creamy-white, and a few are of a deep dark-blue colour. Some of them 
weather to a rusty bnlE. I saw numerous blocks of limestone along this ridge 
crowded with craoid stems, but I did not observe any in situ, , 

In connection with the trap above described, a variety occurs, which I 
have not observed elsewhere in the Himalayas, but which probably represents 
the porphyritio trap of Kashmir described by Mr. Lydekker, It is a felspar 
porphyry, an intensely hard rock; so hard that it was with extreme difficulty 
that 1 could obtain hand specimens of it. Boulders of it are brought down by 
:tiie stream from the ridge fi. of Bhandal, together.. with boulders of the 
ordinary variety of the trap. I have not yet seen it in situ. 

Conclusion .—The observations made this season, confirm the conclusion pre¬ 
viously arrived at, that we have, in the Dalhousie-Chomba section, a normal 
sequence of Silurian rocks resting on the “ central gneiss.” The “ Blaini ” con¬ 
glomerate (upper-silurian) and the “ Simla slates,” of the Simla region, are 
both represented in Dalhousie-Ohamba area; the conglomerate cropping out in 
a c<mtinuoas line parallel to Hie granitoid gneiss. 


mie upper-silurian conglomerate is followed, in the Bhfindal-Dihur region, 
Sy vthe carbo-triassic series, vepring apparently (mnformably on it j but if the 
. arlaw t8d(»n of the age of Hie trap in the Dalhousie area in my paper on the 
df that region is soupd, jllie boundaiy between the two series mnst really 
ozid. Thethimli^,djf Hie conglomerates on the sonth side of the 
limapt^^ as oma|^d 'with their great development on the norHiem 
Hpotestone outcrop, is a fact which', to some extent, favours the fault 
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In the Bhindal>Dihiir atm, under consideration, the oarbo*triassio limestones 
are followed bj trap, and the latter by the upper*silnrian conglomerate and a 
normal sequence of Silurian rochs in inverse order. 

In the Dalhousie area, the trap comes in between the oarbo-liriaBsic series 
and the tertiary rooks. In the BhfindabDihur area, it comes in between the 
carbo-triassio series and the upper-silurian conglomerate. 

In my paper on the geology of Dalhousie, I adopted the hypothesis that the 
trap is of upper-silurian or pre-carboniferous age. 1 see nothing in the facts 
recorded in this paper inconsistent with that hypothesis. Indeed, I may say that 
when I formed my views regarding the age of the trap, I had distinctly before 
my mind’s eye the possibility that trap might be found in the Bh£ndul-Dihur 
area, where I have since found it. I thought this possible from the fact that 
the Siul river under Manjir is full of trap boulders. 

In both the Dalhousie and the Bh£ndal-Dihnr areas the trap is found in oon> 
tact with the carbo-triissic series; whilst in the latter section, it is in sharp 
contact with the upper-silurian conglomerate on the one side, and the carbo- 
triassic limestones on the other. 

The fact that, in the Bh£ndal-Dihur section, the trap does not occur between 
the carbo-triassio series and the upper-silnrian conglomerate, on both sides of the 
limestone outenrop, may I think be explained by the hypothesis of a fault between 
the limestones and the southern outcrop of tlio conglomerate. 

The Bh&ndal-Dihur section, from the granitoid gneiss, south of Bh&ndal, to 
the lower-silurians, north of Bhfindal, seems to me to be a crashed synclinal 
fold, complicated with faulting. That there is a fault somewhere seems self, 
evident. Whether the trap is of pre-carboniferous or of post-carboniferous age; 
in either case there must be a faullj between it and the upper-silurian conglome¬ 
rate. 

The simplest mode of explaining the section, it seems to me, is to put a fault 
between the southern boundary of the limestone outcrop and the southern outcrop 
of the conglomerates; we should then have % normal ascending series of rocks from 
the “ central gneiss ” to the upper-silurian conglomerate, and a descending series 
of rocks from the carbo-traissio limestones to the lower-silurian schists. In 
short, I believe that we have in this section a crushed synclinal fold, with a fault 
along its axis, the compression of the folded strata having been great enough to 
produce a general conformity of dip. 

In the Hulh section, I have some grounds for suspecting that the trap occurs 
between the southern outcrop of the conglomerate and the carbo-triassic lime¬ 
stones ; but should this surmise prove correct, the point is immaterial as far as 
the hypothesis above propounded is concerned. 

The observations made this season show that the outcrops of trap are not 
continuous j but whether this is due to faulting or to thinning out, I am not at 
present in a position to say. Either supposition seems equally probable. 

The discovery of a boulder of granitoid gneiss in the upper-silurian conglome¬ 
rate of the Bh&ndal region, taken in connection with the discovery Mr. Lydekker 
of similar granitoid gneiss boulders in the silurian slates of the Pfingi-Lahoul 
area, is another indication of the conncctiun between the rocks of the two regions j 
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mUt OB. the eapposition that the granitoid gneiss honlders were derived from the 
** central gneiss,'* which Mr. Ljdekker apparent^ does not now donbt^, the 
fact supports the conclnsion 1 arrived at for the Simla area, that a hidden 
nnoonformity exists between the silnxian and the ** central gnriss" series. A 
similar oonclusion was drawn by Mr. Lydekker in his fifth paper on the geology 
of Kashmir. * 


On the Basalts of Bombay, by Colonel C. A. McMahon, F. G. S. 

(wUk two plates). 

Boring my last visit to Bombay, I made a carefoUy selected collection of 
typical specimens of the lavas exposed at different parts of the island, and I 
have since studied thin slices of them under the microscope. 

I think it will be worth while to give a brief description of these; partly as 
the first contribution towards a better knowledge of the Deccan traps, regard¬ 
ing which our petrological information is at present very deficient; and partly 
because the description of the very typical lavas of Bombay may be useful 
as a standard with which to compare more doubtful basic igneous rocks in other 
parts of India. 

1 arranged the specimens which 1 am about to describe with sole reference 
to their colour. They range from iron black through less and less dark shades 
of grey to a greenish-grey colour. 

In specific gravity the specimens vary very little, ranging from 2‘80 to 
2'85, their average l^ing 2‘82. They arc all remarkable for the absence of 
olivine. Augite, plagioclase, and magnetite ara present in each slice. All contain 
a few crystals of sanidine, but it occupies an extremely subordinate position. 

No. 1.—A dark-grep, almost black, compact rock, Sp. G. 2'82. 

M.^—This slice consists of anet-w^rk of very small felspar prisms, and minute 
granules of augite, starred about in a partially devitrified glassy base, with 
moderately large crystals of felspar and augite sparsely scatterei through it. 
The base is brownish-green, dappled with white, in reflected light, and olive-green 
in taransmitted light. The white opaque material is, I think, leuooxene, a 
secondary product resulting from the decomposition of Umenite, tiiough in the 
particular slioe there is no direct evidence of its connection with that mineral. 

The felspar prisms, for the most part, present very riuurp outlines, and the 
great majority of them are seen to be triclinic. They contidn numerous glass 
cavities, many of which have fixed bubbles. Some of these glass enclosures are 
eUmgated, others are in rounded forms. The presence of such cavities is oon- 
sidered by Dr. Sorly^ to indicate the true volcanic origin of the rock containing 
them (Q. J. G. @. XXKTI, 49.53). In one of the prisms, the glass enclosures 
havf ranged themselves roughlj^ m a s<me conforming to the shape of the prism. 
laMtA aontein portions of the glassy base caught up in them. 

> BMoKb, Xlt. 4s. » ib, 

* Xa Ihiisnd following pninmi tf stitiidi for otioroMoplo taueci. 
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Angfite crystals are extremely abundant, and most of them are of very minute 
size. Among the larger crystals twinning is common, and some are well shaped. 
In transmitted light the augites exhibit a faint tint varying from greonish- 
yellow to yellowish-brown, hut so foint as to be almost white. This is the pre¬ 
dominant colour of the augite in all the slices. 

The augite and felspar appear, on the whole, to have crystallised at the same 
time, though some individuals have formed before the others. In fig. 1, 
plate II, I have given a sketch of a couple of augite crystals of irregular shape, 
joined together in a manner suggestive of twinning, which have formed round 
a felspar prism; whilst in fig. 2, plate II, I hare depicted a group of triclinio 
felspar prisms, which have formed upon, and partially enclosed, a cracked 
augite crystal. 

The augite and felspar in this slice are remarkably fresh. This is a oharac* 
teristic of the augite in the Bombay slices 

Magnetite is present in some abundance, both in regular shaped crystals and 
in the skeleton forms described in my paper on the Darang traps. Some titanic 
iron (ilmenite) appears to be also present. 

In fig. 1, plate 1,1 have given a sketch of a portion of this slice, as seen in 
the field of the microscope, under a magnifying power of 60 diameters. The 
outline of the felspar crystals is generally sharp,—an indication I think that the 
lava was in a very fluid condition. Towards the centre of the field a rather large 
augite crystal is represented. On three sides the prismatic faces may be traced, 
though they are not well depicted; whilst the crystal maybe seen to be traversed 
by rather irregular prismatic cleavage lines. Cracks are sometimes of use and 
furnish indications, in a general way, of the direction of the cleavage. A large 
crack in the crystal under considdtation affords an illustration of this. For 
some distance it follows the direction of one set of cleavage lines, and then 
its course follows the direction of the second set, which crosses the first 
at an angle (87® 6') approx imatin g that of a right angle., 

A crack traverses the slice and appears to have been filled up by an 
exfiltration process; the material it contains being ciyptocrystaHine. 

2_ A eompaett dark-grey^ almost black rock^ closely resembling the last 

Sp. G. 2-82. 

Under the pocket lens it has a somewhat vitreous lustre, and small facets of 

felspar are to be seen in it here and there. 

M.—This slioe is so like the last one that it hardly requires a separate descrip¬ 
tion. The glassy base is whitish in reflected, and brown in transmitted light. 
Here and there it has been altered to a dull olive-green substance, which, when 
a single niool only is used, transmits Uttle light. In places it is stained brown, 
yellow to orange colour,-e result doubtless of the decomposition of magnetite. 

Felspar is even more abundant than in the last sUce; and here and there orys- 
telsof itareof oowparativelylarge size. Glass and stone cavities are common 
in the felspar, but I discovered no bubbles in them. 

Augite is teirly Abundant. Its shape is irregular, but twinning is common. 
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Magnetite is veiy abundant, both in regular crystals and in skeleton forms in 
the gli^y base. In the latter, as in the case of the augite in the pitchstones of 
Arrant the crystallization of the magnetite has resulted in a sort of halo being 
formed round the crystals,-<4he latter having in the act of ciystallization drawn 
the colouring matter out of the base, leaving a comparatively colourless glass in 
their immediate vicinity. 

No, 3«— A. darh-grey, almost blatde, compact roch. Sp. G-. 2*83. 

M.—This slice consists of a profusion of augite, felspar, and magnetite crys¬ 
tals, scattered about in a glassy base. 

The magnetite crystals are of good size, and are fairly well formed. The 
felspar and augite crystals are of two sizes; in the case of both minerals the 
majority are of small size (the augites being very minute) ; whilst here and 
there are others of comparatively large size. The majority of the felspar prisms 
are distinctly tricHnio. Many of the augites are twinned. 

Stellate groups of felspar, similar to those described in my paper on the 
Darang traps*, are to be met with in all the Bombay slices. One of them from 
this specimen is shown in fig. 3, plate II, and another from No. 8 is given in 
fig. 10, plate II. The latter, which is quite accurately drawn, looks like a cross 
seen in part profile. 

In my paper on the Darang traps I noted how crystals are often cramped at 
the time of their formation by adjoining crystals. In fig. 4, plate II, I have 
sketched a twinned augite which has attempted to ciystallize in the midst of a 
perfect barricade of felspar prisms, and its outward symmetry of form has con¬ 
sequently suffered considerably. In such qases, however, though the external 
shape is deformed, the phme of twinning almost invariably exhibits a rigid 
straight line, and the internal symmetry, on which Uie optical properties of the 
mineral depends, sustains no injuiy. 

In J. D. Danas* Mammal of Minenalogy (1873), p. 152, augite crystals are said 
to be " usually stout and thick, and none have the slender bladed form common with 
hornblende.’* In lavas, however, as seen trader the microscope, augite crystals 
sometimes take the form of acicnlar microliths, and not unfrequently «»«»«m Tnn the 
form of elongated prisms. A prismof this character occurs in the slice under con¬ 
sideration, and is represented in fig. 5, plate 11.; (a) (d) is a long prism of augite 
which has grown up side by side with one of triolinio felspar. From (c) to (d) the 
augite is twinned, the twinning plane running with the length of the prism 
From (c) to (a) the prism is made up of a crystal not in optical continuity with 
either of the twins below it. The augite in the course of its formation has 
enclosed the ends of small fek^iar prisms, which may be seen sti<ddng, like 
parasites, into its side. The adjoining felspar prism appears to have grown iran- 
by the side of the augi^ up to (5), when the supply of felspathio material 
aipevrs tq have been less pj^ntHful than that of the constituents of the augite 
MW MKuetite (three crystals of which are indicated at this point), and its 

* AUpqrt. Geological Magazine, Vol. IX, p. 2. 

• • Smyro, Vol. XV, p. 166. 
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aymmetry was greatly marred by the interventiotn of crystals of aagite and 
magnetite (b). Tbe ilbsbaped felspar at the top (see sketch) is no doubt a 
portion, or what ought to have been a portion, of the prism seen below. The 
molecules of felspathic matter did their best, I take it, to keep the alignment of 
the felspar prism, and they are in optical continuity with it, but the augite and 
magnetite crystals got in the way, and the shape of the felspar prism was marred. 

This, and the previously noted illustrations, will, I think, enable us to under¬ 
stand how the external symmetry, and the regular development of crystals in an 
igneous rock, are seriously interfered with by the contemporaneous formation of 
other minerals in close proximity to them, or by the presence and pressure of 
previously formed crystals. 

No. 4 .—A dark~grey compact rock. Sp. Q-. 2’82. 

M.—The felspar and augite crystals are set in a glassy base, which is sufficiently 
abundant to entitle the rock to be classed as a magma basalt. The base is, for 
the mort part, of light vandyke-brosrn colour, but is here and there altered to a 
substance olive-green in transmitted light. The base is crowded with microlitbs 
of magnetite in its rod-like form; it occurs also in large and rather well-shaped 
crystals and as a Mnge round augite. 

Almost all the felspar is visibly triclinio, and radiating groups are common. 

Augite is very abundant, and very fresh, but its outward shape is rarely good 
and never perfect. Twinning is common, and the intersection of the prismatio 
cleavage lines is sometimes well seen. 

In fig. 2, plate I, I have given a representation of a portion of this slice. Some 
of the felspar crystals therein figured present sharp and characteristic outlines; 
others again are very irregular. On the right hand of the illustration, two 
augite crystals are seen embracing two curiously shaped crystals of felspar. To 
the left also a large block, foimed of a congeries of shapeless augite crystals, has 
more or less enclosed a radiating group of very irregularly shaped masses of felspar.' 
The partial enclosure of felspar by augite is* very common in these slices, especi¬ 
ally in the one under coi^ideration. This, and the enclosure of augite by felspar 
noted in connection with slice ISTo. 1, seems to indicate that the lava was at first 
in a very fluid state, in which free molecular action was possible; but that it cooled 
with such rapidity that the minerals were unable to disengage themselves from 
each other, and their crystallization was arrested before the symmetry of their 
external form was complete. Small peculiarities of stiucture of this kind are, 
I think, of value. .The volcanic origin of the Bombay basalts being well known, 
etructuzal characters observed in them may aid us to interpret rooks of more 
doubtful character in other regions. 

Professor Geikie, in his paper on the Carboniferous Volcanic Bocks of the 
Basin of the Firth of Forth,* has described similar instances of felspar prisms 

1 Some of these seem to approaeh thcM ** eomplea /an-shaped hrucheo ” which Dr. Sorhy 
describes ss forming the terminations of felspar prisms in artificially mdted ro^, and which be 
net with in a natond toik from a dyke near Beaumaris. Opening address, Geology Section of the 
' British AsBociatTon, 1880. 

’ Transactions, Roy. Soc., Edinburgh, YoL ZXIX, p. 487. 
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“ shooting ” through crystals of augite, and severing the augite into two parts in 
such a way that “ not uncommonly it might be supposed to have been penetrated 
across its figure by intrusive prisms of felsparan appearance which Professor 
Geikie attributes to augite having ** formed round and enclosed the already com¬ 
pleted net-work of triclinic felspar prisms.** 

These partial enclosures of the one mineral by the other are described as 
occurring in the rocks which he classes as diabases and dolerites. The latter 
term he proposes to restrict to intrusive sheets and dykes which consolidated 
beneath the ground, retaining the word ‘ basalt ’ for interbedded augitio lavas 
which consolidated at the surface. 

It is to be noted, however, that a glassy base does not appear to be entirely 
absent from either Professor Geikie’s diabases or dolerites ; and although I do 
not intend to infer from the preceding remarks that the intersection of small or 
moderate-sized crystals of augite by prisms of felspar, or of felspar prisms by 
augite, is an exclusive characteristic of rocks which have consolidated at the 
suHace of the earth’s crust; or that it would euable us to distinguish the latter 
from intrusive sheets or dykes; still, it is a structural peculiarity of basic vol¬ 
canic rocks which is worth noting, and it may help us to distinguish basic lavas 
from basic plutonic rocks. Acid igneous rocks have characteristic features of 
their own. 

The slice under consideration is of larger grain than any of the preceding 
ones. 


No. 6 .—A dark-grey compact rock. Sp. G. 2’83. 

M.—This is a very fine-grained rock, and so closely resembles those first 
described that a detailed account of it is ndt necessary. The magnetite is well 
formed. The augite is for the most part very small, and twinning is common 
in the larger crystals. 

At fig. 6, plate II, I have sketched an illustration of the way the forma¬ 
tion of minerals went on side by side, in these Bombay basalts, at almost tho 
same time. The illustration represents a crystal of magnetite and two crystals 
of augite. The growth of ttie lower augite and that of the magnetite appears 
to have gone on side by side, and, at first, at very much the same pace. Tho 
magnetite then gained on the augite and finally partially surrounded it. The 
formation of the second augite then began and went on so rapidly that it 
enclosed a portion of the magnetite in its embrace. 

No. 6 .—A perfectly compact dark-grey rock with a dull green tint in it. It wea¬ 
thers brown. Sp. G. 2*80. 

M.—This is a fine-grained magma basalt. The base consists of a brown 
glass, here and there converted* into a green amorphous substance. Augite crys¬ 
tals are abundant in this slice. Most of them are very minute, and, in polarised 
lij^t inth crossed nicols, they stand out from the black background like stars 
on a clear night. Some are of fairly large size. Twinning is common, and a 
few of the augites are well shaped. 
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Felspar is abundant and is chiefly in small prisms. Most of it gives 
decided evidence of belonging to the tridinio system. 

Magnetite is for the most part well shaped and of good size, but it is also to 
be seen in elongated stalk-like microliths in the glassy base. 

Fig. 7, plate II, is an illustration taken from this slice showing the way 
minerals, in the process of crystallization, catch up, enclose, and become entan¬ 
gled with other minerals. An augite crystal is there seen to have enclosed 
several crystals of magnetite, and to have partially surrounded crystals of tri- 
clinic felspar; whilst other crystals of magnetite have formed on it. 

The microscope enables one to understand how it is that the chemical analy- 
sis of minerals often yields such divergent results. Fig, 7, will, I think, 
suggest the explanation of how this takes place. 

No. 7 .—A compact greenish-grey rock. Sp. G. 2'85. 

M.—The grain is larger than that of the preceding slices. Augite is abun. 
dant. Much of the felspar exhibits the twinning peculiar to triclinic felspar, and 
is in characteristic prisms. Felspar also occurs in largo crystals and in shapeless 
masses, some of which axe certainly sanidine. 

The glassy base is of green colour. Here and there minute portions of it 
have been converted into delossite, and the whole of it is more or less changed. 
The rock is passing into the condition of the Darang traps (1. c.). In these 
slices, however, the glassy base can still be distinctly recognised as such. Very 
little masrnetite is left in the rock. 

At fig. 3, plate I, I have given a sketch of a portion of this slics. The 
very dark portion is the glassy base. The less dark portion is augite, and the 
white is felspar. • 

At fig. 9, plate II, I have sketched a group of augite crystals in polarised 
light under crossed nicols. It is impossible, in simple black and white, to indi¬ 
cate the various colours in which the crystals polarise; but the different shades 
of black will, perhaps, suffice to show the waflt of optical continuity between the 
different members of the group. The two small crystals at the upper left hand 
are seen to be twinned, the twinning plane being a Sharp straight line, and the 
two halves of each twin polarising in complimentary colours. The others are 
crystals of different sizes and of very irregular shape. The various ciystals of 
which this and similar groups are composed, began to crystallize, apparently, 
much about the same time from independent centres, and from want of space 
interfered with each other’s growth and development. One micro-augite is 
enclosed in a large crystal, whilst another augite contains a gas bubble. 

The group appears to have been rapidly formed, for along the upper margin 
a tongue of the glassy base (a) is partially enclosed in it. 

I have depicted another characteristic group in fig. 8, plate II, taken from slice 
No. 10. One augite crystal, at the right hand, is seen to be nearly surrounded 
by a larger eiystal of the same mineral. The shapes of all the members of the 
group are very irregular, and they have evidently interfered seriously with each 
other’s development. The finishing off of the group has been hurried in its last 
stages, as along the outer margin a zone of cavities is to be seen,—^a not 
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nncommon feature in the augite of rolcanic rocks. These cavities, the irregular 
shapes of the crystals, and the confused association of imperfectly formed augites, 
are, I think, indications of the rapidity with which the rock cooled. 

The large felspar crystals are not at all homogeneous in their internal struc¬ 
ture, and they enclose irregular-shaped augite crystals and patches of viridite. 

No. 8 .—A greenish compact rock. Sp. G, 2'4. 

M.—This slice very much resembles the last. The glassy base has been 
converted into a greenish substance which contains in it minute embryonic 
crystals of epidote. Alteration has been set up in the felspars. Magnetite is 
not abundant, and is mostly in skeleton forms. 

No. 9 .—A greenish-grey compact rock. Sp. G. 2'8«’). 

M.—In this slice augite is very abundant. The glassy base is still recog¬ 
nisable, but it has passed into an alteration product,'olive green in transmitted 
light, which is in part, at any rate, delessite. A radiating structure is often 
apparent in it, and all of it is feebly dichroic when the polarisor alone is used. 

This slice contains a good many sanidiue prisms exhibiting the simple 
twinning of the Carlsbad type, but they are quite subordinate to the plagioclase. 

In one case water has clearly gained access to the rock, and a thin undulating 
ring of quartz has been left behind to mark its passage. 

Augite crystals often partially enclose crystals of felspars, and felspars occa¬ 
sionally enclose fragments of the glassy base. 

No. 10 .—A grey compact rock. Sp. G. 2’81. 

M.—The glassy base is still to be seen here and there, but in most cases it 
has been replaced by delessite, and in a few cases by chalcedony. It gives clear 
evidence of the invasion of water. The latter has often left castellated water¬ 
marks behind, it, and has partially rounded the margins of the channels through 
which it flowed, so that in some ca^es these altered portions of the base have 
the appearance of amygdules plugging amygdaloidal cavities. I think that the 
results above described may^be accounted for on the supposition that the uncrys¬ 
tallized glassy base yielded more readily to the solvent powers of heated water 
than the minerals that had crystallized out of it. 

It is important to note the tendency, here evidenced, of acid water passing 
through a rock to excavate rounded cavities; the removal of olivine and leucite, 
and the rounding of the edges of the matrix in which they were buried, might 
lead to the formation of a pseudo-amygdaloid, and prevent the secondary 
minerals, substituted for olivine and leucite, being recognised as pseudomorphs 
of those minerals. 

The felspar is more or less altered, but the augite is quite fresh. The slice 
contains some prisms of sanidine which exhibit characteristic Carlsbad twinning. 

No. 11 .—A greenish-grey compact rock. Sp. G. 2'81 

M.—This slice closely resembles the last. The magnetite or titaniferous 
iron is a good deal decomposed, and much of it has passed into leucoxene. A 
study of these slices confirms the view taken of the origin of the opaque white 
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material formed in connection with the Darang basalts. The white opacity 
difEused in a nebulous way through the latter is, I think, due in many cases, 
not to the decomposition of large regular crystals of ilmenite, but to the 
minute dendritic forms of iron disseminated through the base. 

This rock generally is passing into a stage of alteration like that described in 
the traps of Darang (Z.c.) 

Conclusion. 

I have not detected olivine in any of those slices either fresh or in an altered 
condition. 

Olivine, thougli a very characteristic mineral, usually present in basalts, 
does not appear to bo universally so abundant as to bo invariably visible in 
every thin slice made for microscopic examination. 

i’orchhammer states that it does not occur at all in the basaltic rocks of 
the Faroe Islands whilst Professor Croikio, in his paper on the microscopic 
characters of the basalts of the Firth of Forth, ® notes that it “varies much in 
quantityand though it is “ usually discernible in every thin slice, ” in some 
basalts it appears only in occasional “ rare and small pieces.” Ziikel notes 
(Microscopical Petrography of the Fortieth Parallel, p. 219) that in rocks 
“ closely allied ” to the “ proper or genuine'i‘ols]>ai’ (i.e., plagioclase) basalts,” and 
which he classes as a sub-division of the basalts, olivine is generally wanting. In 
some of the Deccan traps from other localities, specimens of which the Super¬ 
intendent of the Geological Survey of India has kindly allowed me to see, it is 
very abundant. Olivine may possibly not be altogether absent from the Bombay 
lavas ; but, if present, it must bo sparsely dis.semiuatod through them. 

In view of the absence, or sparseness, of olivine, the question arises 
whether these rocks should be classed as basalts at all. In mineral composition 
they approximate closely to the quartzloss-augito-andesites, in which olivine is 
rarely met with. ® 

The specific gravity of andesites ranges from 2‘70 to 2'85 ; whilst the Bom¬ 
bay lavas, judging from the specimens now described, range from 2‘80 to 2'85. 
In view, therefore, of the absence of olivine, a good case might be made out for 
classing the Bombay rocks with augite-andesitos rattier than with basalts. 

But, on the whole, it will, I tjiiuk, be better to retain the name by which 
the Bombay rocks have hitherto been known, und to continue to call them 
basalts; for I think it will conduce to clearness and simplicity if we restrict 
the term ‘andesite’ to the lava form of diorite and retain the words ‘basalt’ and 
‘dolcrite ’ for basic augitic lavas. The term ‘ augite-andesite ’ seems a suitable one 
for intermediate forms between the two in which augito and hornblende are 
both present; and I prefer not to use it for the Bombay rocks because they 
contain no trace of the latter mineral. 

A.S the Bombay basalts are very typical volcanic rocks, it may be useful, and 
may aid us to determine more doubtful rocks in other localities, to sum up the 
indications they afford of being superficial lava streams. 

> Bisehof s Chemical Geologj, II, p. 356. 

Loc. cit., p. 606. 

• Rutlej's Study of Rocks, p. a30. 

G 
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The following points, I think, afEord ovidonce of rapid cooling, though some 
of them aro more cogent than others 

1. The presence of a glassy base. 

2. Skeleton, dendritic, and rod-like forms, of magnetite and (?) ilmenite. 

3. The presence of glass enclosures, and gas bubbles, in augite and felspar 
crystals.^ 

4. The abundance of felspar prisms of small size, the longer axis of which 
usually points in all directions.® 

5. The abundance of granular® and minute ciystals of augite. 

6. Clusters of irregular-shaped augite crystals. 

7. Imperfectly-formed and feathery felspar crystals.* 

8. The penetration of augite by felspar and of felspar by augite. 


EXPLANATION OF PLATES. 

Plate T. 

Figs. 1, 2, and 3.—Thin slices of Bombay basalts as seen under the micro¬ 
scope. 


Plate II. 

Fig. 1.—Partial enclosure of felspar by augite. 

Fig. 2.—Partial enclosure of augite by felspar. 

Fig. 3.—Stellate prisms of felspar. 

Fig. 4.—A twinned augite and felspar prism. 

Fig. 5.—Augite and felspar prisms formed side by side. 

Fig. 6.—Augite and magnetite formed at nearly the same time. 

Fig. 7.—Augite enclosing magnetite and felspar. 

Figs. 8 and 9.—Irregular-shaped clusters of augite crystals. 

Fig. 10.“—Another stellate form of felspar. 

* Dr. Sorby, Ann. Address, Q. J. Q. S. XXXVI, 63. 

* Professor Geikie, in the pajwr already quoted, states that intrusive dolerite “along the line of 
contact with a sandstone or other granular rock ” “ becomes exceedingly close-grained, ” and the 
felspar prisms "tend to range themselves parallel with the surface of the sandstone.” 

s Professor Geikie, in the paper already quoted, writes of the volcanic rocks of the Pirth of 
Forth;—“ There is one distinctive failure between the mode of occurrence of the augite in the 

* dolerites and in the interbedded anamesites and basalts which 1 have found to hold good with 
'few exceptions. While in the intrusive sheets |;he augite occurs either in well-marked crystals or 

* in large crystalhne irregularly-shaped portions, in the superficial lava-beds it is commonly present 
'in abundant small granules and iueparse definite crystals.” 

* See Dr. Sorby’s opening address, Geology section of tho Britisb Association, 1880. 
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DONATIONS TO THE MUSEUM. 

Donors. 

A series of fossils from the Silurian, carboniferous, permian, liassio and tertiary formations, 
England. 

Db. Gboeoe Watt. 

Eight specimens of Bndista {Hipparites) from tho turonian between Foix and Lavelanots, 
Dep. de I’Aribge, Outer Pyrenees, France. 

W. T. BiiASBobd, FJt.S. 


ADDITIONS TO THE LIBRARY. 

Fbou 1st Octobbb to 31st Decembbb 1883. 

Titles of BooJes. Donors. 

Achepohl, L. —Das Niedorrljeinisch—Westfalische Sleinkohlengebirge. Atlas der fossilen 
fauna und flora, lief. 7. (1882), 4tli edition, Leipzig. 

Beai,e, Lionbi S. —How to work with tho Microscope, 6 th edition (1880), 8 vo, London. 
Bbonn. —Elassen und Ordnungen des Thier-Reiches, Band VI, Abth. Ill, Beptilicn, Lief. 
33<34. (1882), 870 , Leipzig. 

Encyclopcedia Britannica, 9th edition, Vol. XIV, (1883), 4to, Edinburgh. 

FfSHKB, Rkv. Osmobd. —Physics of tho Earth’s Crust (1881), Svo, London. 

Geikib, Abchtbald. —Textbook of Geology, (1883), Svo, London. 

Milne, J. — Experiments in Observational Seismology, (1882), 8vo, Tokio. 

The Authob. 

„ Notes on the recent Earthquakes of Yedo Plain, and their EfiTects on certain 
buildings, (1881), 8 vo, Tokio. 

The Aitthob. 

„ On Earth Movements, (1882),’ Svo, Hertford. 

The Authob. 

„ Suggestions for the Systematic Observation of Earthquakes, (1882), Svo, Tokio. 

The Authob. 

„ Tho Distribution of Seismic Activity in Japan, (1881), Svo, Tokio. 

The Authob. 

Mojsisovics, E V. UND Nbumatb, M.— ^Beitrage zur Palaontologie Osterreich-Ungams 
und des Orients. Baud II, heft 3 and 4, (1882), 4to, Wien, 
Nobdenseiold, a. E.—The Voyage of the Vega round Asia and Europe, Vols. I and II, 
(1881) Svo, London. 

PooBB, Ben. Pbelky. —Congressional Directory (47th Congress, Ist Session), compiled for 
the use of Congress, 2nd edition, (1882), Svo, Washington. 

The Smithsonian Institute. 

Poussin, Ch. db La Valise et Bbnabd, A. —Mdmoire sur les Caraetbres Mineralogiques 
et Stratigraphiques des Roches Dites Plutoniennes de La Belgique et de 
L’Ardenne Fran 9 aiBe, (1876), 4to, Bruxelles. 

^ ReVD. J, B. DuMOUT., 8.J. 

Publication der Norwegischen Commission der Europaischen Gradmessung. Geodatische 
Arbeiten. Heft. II, (1880), and I & HI (1882). Yandstand observationer. 
Heft I, med 6 Plancher, (1880 and 1882), 4to, Christiania. 


Thb Commission. 
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TUlea of Boohs. Donors. 

QtTENSTBDT. F. A.-^IIandbocIi der Fetrefaktenkunde. Aaflage 3, Lief. 5, (1882), 8vo, 
Tubingen. 

]RAM8i.T, A. C.—The Physical Geology and Geography of Great Britain, 6th edition, 
(1878), 8vo, London. 

Bobikson, John. —The Flora of Essex County, Massachusetts, (1880), 8vo, Salem. 

The Essex Institute. 

Second Report of the Committee appointed for the purpose of investigating the Earthquake 
Phenomena of Japan, dravrn up by Prof. J. Milne, 8vo, London. 

Pbof. J. Milne. 


SzABO, Db. j. —Classification Macrographique des Trachytes de la Hongrie, (1881), 8vo, 
Bologne. 


The Authcb. 


The Norwegian North Atlantic Expedition, 1876—1878— 

Vol. IV, 1. Historical Account. • 

2. The Apparatus and How Used, by C. Wille. 

Vol. V, 1. Astronomical Observations, by H. Mohn. 

„ 2. Magnetical Observations, by C. Wille. 

„ 3. Geography and Natural History, by H. Mohn. 

Vol. VI. Holothurioidea, by D. C. Danielssen and J. Koren, with 13 
plates and one map. 

Vol. VII. Annelida, by G. Hansen, with 7 plates and one map, (1882). 
4to, Christiania. 

The Editobial Comhitteb. 


PEPwIODICALS. SERIALS, &c. 

Arinalen der Physik und Chemie neue Polge, Band XVII, Nos. 10>12 (1882), 8vo, Leipzig. 
Annales des Mines, 8th series, vol. I, livr. 2, (1882), 8vo, Paris. 

CoMU. DBS Mines. 

„ „ Sciences Naturelles, 6”* sdrie Botanique, tome XIII, Nos. 4—6, & XIV, 

N(.8. 1—3, (1882),*8vo, Paris. 

„ . „ „ Gdologiques, tome XIV, No. 1, (1882), 8vo, Paris. 

„ „ „ Naturelles. •2k)ologie, series VI, vol. XIII, Nos. 6—6,(1882); 8vo, 

Paris. 

Annals and Magazine of Natural History, 6th series, vol. X, Nos. 68—60, (1882), 8vo, 
London. 

Archiv fur Naturgcschichte. Jahrg XLV, heft 6, (1879), XLVIII, heft 4, (1882), und 
XLIX, heft 1, (1883), 8vo, Berlin. 

Athensum, Nos. 2864—^2875, (1882), 4to, London, 

Boiblatter zu den Annalen der Physik und Chemie, Band VI, Nos. 9-10, (1882), 8vo, 
Leipzig. 

Bibliothbque Universelle. Archives des Sciences Physiques et Naturelles, 3“* Pdriode, 

tome VII, Nos. 6—7, and VIII, No, 8, (1882), 8vo, Genbve. 

„ „ et Revue ^Suisse, 3“* Pdriode, tome XV, Nos. 43—46, (1882), 8vo, 

Lausanne. 

Botanisches Osntralblatt. Band XI, Nos. 9—1.3, and XII, Nos. 1—8, (1882), 8vo, Cassel. 
Chemical News. vol. XLVI, Nos. 1190—1201, (1882)! 4to, London. 

CoUieiy Guardian, vol. XLIV, Nos. 1132—1143, (1882), fol., London. 

. Bat Ausland, Jahrg. LV, Nos, 35—48, (1882), 4to, Stuttgart. 
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Titles of Books. Donors. 

Geological Magazine, New series, decade II, vol. IX, Nos. 10—11 (1882), 8vo, London. 
Iron, Tol. XX, Nos. 606—616, (1882), fol., London. 

Journal de Conchyliologie, 3®* sdrie. Tome XXII, No. 2, (1882), 8vo, Paris. 

„ of Science, 3rd series, toI. IV, Nos. 106—107, (1882), 8vo, London. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 6th series, 
vol. XIV, Nos. 88-90, (1882), 8 to, London. 

Mining Journal, with supplement. Vol. LII, Nos. 2465—2466, (1882), fol., London. 

Naturrn Novitates, Nos. 17—23, (1882), 8vo, Berlin. 

Nature, Vol. XXVI, Nos. 672—678, & XXVII, Nos. 679—683, (1882), 4to, London. 

Neues Jahrbuch fur Mineralogie, Geologic und Palseontologie, Jahrg. 1882. Band II, heft 3, 
(1882), 8VO, Stuttgart. 

Palffiontographica. Band XXIX, lief 1, (1882), 4to, Cassel. 

Pctermann’s Geographische Mittheilungen. Band XVIII, Nos. 9—11, (1882), 4to, Gotha. 

Do. do. do. Supplement. Band, No. 70, (1882), 4to, Gotha. 

Professional Papers on Indiai^ Engineering, 3rd series, No. 1, (1882), flsc., Roorkee. 

Thomason Coi.legs of Civil Engineebing. 
Quarterly Journal of Microscopical Science. New series, vol. XXII, Nos. 87 and 88, (1882), 
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Bynopsis of the Fossil VerieUrata of India, by E. Ltdbkkbb, B.A., F.O.S., F.Z.S. 

» 

Introductory 

In fclie “ Journal of the Asiatic Society of Bengal ” for the year 1880 there 
appeared a paper by the present author, under the title of a “ Sketch of the History 
of tha Fossil Yertebrata of India,*' in which eveiy species of fossil rertebrato 
animal then (^covered in India was recorded, while there was also given a short 
Bummaiy of the labours of those palesontologists who had wntten on the Indian 
Fossil Yertebrata. Since the date of publication of that paper a great in¬ 
crease in our knowledge of the subject has been obtained, and it has accordingly 
been thought advisable to republish the substance of that pg^r, with such ad¬ 
ditions and alterations as are necessaxy to bring it up to the present state of our 
knowledge. In many instances theye alterations have been so extensive as to 
have made it necessary to totally re-write a great portion of the original paper. 
It has been thought better to omit the introductory portion, in which the names 
of the chief workers in this field of enquiry are recorded, as there is no essential 
alteration to be made re^rding them. Seme introductory observations on the 
general relations of the Indian fossil vertebrates have likewise been omitted, as 
well as all the references. The record of the local distribution of spedes, and the 
places where the more remarkable specimens are preserved, form a new feature 
in this memoir. 

The plan of the original paper has be$n in the main strictly adhered to; this 
consists in taking each of the classes of the vertebrata and recording their 
geological distribution, from the oldest to the present time. At the end a tystem- 
atio synopsis of all the known forms is given, arranged according to their geologi¬ 
cal di^btttion; and also an alphabetic^ list of the species. 

, * Ouss I—PISCES. 

Car{KMufsroiM.'***The earliest fishes of which there is any record are known 
merety by a few specimens of teeth ahd dorsal spines obtained in the palsaosoic 
rooks of the Salt-range in the Panj&b. The beds from vrhieh these rensiBs were 
obtained are termed the “ Prodootos-ljimestone,” and axe conddeniid to oorre- 
spoad ronghly to the carboniferous of Europe. Among these fishes them is a new 
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described, upon tibe evidence of a single todtb, under the nn,TnB of 
this tooth is of an elongated oonicsTform, much resembling the 
(tein Sanrians. Of the OochliodontidcB, hme provisionallj referred to 
noei, there are two genera, each represented by a single species, namely, 
SfIKMsit paradoxus and Psfphodm indvsm; the tooth of the former is of the 
iua»tened cestraciont type. Of the SHasmobranchii, five genera have been named, 
some from the evidence of teeth, and others from spines; bat, in view of certain 
modem discoveries, it is not impossible that in some cases distinct genera have 
been formed from the different remains of the same animal. Of these the new 
genus Rehdopsist alUed to the European Hehdw, has been formed for the reception 
of two teeih, which have been referred to distinct species under the respective xi^es 
of E. ehngata and JET. aibhreviata. A fragmental tooth, too imperfect for specific 
determination, has been referred to the common European carboniferous genus 
Psammodm. A fourth tooth, under the name of P. indicus, is referred to the 
European genus P^alorhynom, which is very doubtfully'separated from Petahdvs. 
Of the spines, three specimens are referred to the genus Xyeiracanthust of the 
oarboniferouB of America, under the names of X, graotUs^ X. mogor^ and X. minor; 
the possibility of these specimezus belonging to some speries of Selodopeia is, how¬ 
ever, suggested. A fourth spine is mfeired to a new genus, under the name of 
ThoiumodiuMniihMs hlanfordi. As far as the evidence of these fishes goes, it is ap¬ 
parent that sharks with omshing teeth were the dominant forms in the Indian 
oarboniferoua seas, as well as in those of Europe and America. All the specimens 
noticed above are in the collection of the Indian Museum. 

From the same rocks there have been obtained teeth of two species of the 
elasmobranch genus Acrodus, to one of which the name A.Jktmng% has been ap¬ 
plied. Other small teeth have been doub^ully referred to the ganoid genus 
BawrioJUkye, with the name <d 8. iO indicus. 

?Via«-/ura.*~In the upper portiou of the great Goudwina i^stem, probably 
omrrespoudjng as a whole to the trias and jura, remains of fishes have be^ found 
in some abundance, the determined iorms belonging to freshwater ganoids. In 
the Maleri group ^ of this system, the &una of which shows a rhseto-triassic fades, 
three spines of the genus Oeratodus have been determined, and respectively named 
0, Mtlopiamaf 0. hunteriamis, and 0. virapa. The latter is considered to be 
closely allied to 0. polymorphus of the rhsetio of Bristol. At the present day the 
genus inhabits the rivers of Queensland, and in Europe is found fossil fgaax the 
Kenper to the Jura. The specimens of the Maleri teeth are in the TthUbti Museum. 
From the Kota group, somerimm classed with the Maleri group, but showing a 
more distinctly Hassic serim ol fossils, nine species of ganoids have been deter¬ 
mined, belor^pog to the genem. Ihpediwt L^idotus, and TebragonolepiSt all of 
which occur in the secondary stratu of Europe, where they range from the lias to 
the eocene, Lepiddm bring espedally charact^tio of the wealden. The lUiyariiy 
of the specimens m which species are founded are, it is believed, ia. the 
QOtlh^OtiQU of ^ the GeoU^cal but there are a few in the Indian Museum; 
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in tttffiQy oaftes thej^ eoj|)|ffiSd vieM^. ^ietfeot fish. Bdii 9 % a{i|>arantiy of fishes, 
hare been obtaiOjed from ikB trisus of but ore too irnfforfeet for dotermihation. 

Oreiaoeovsj^A few . remains of i^es have been dbt^ed from the middle 
cretaceous Lameto greup* but are hot detmniued, though it has been suggested 
that some them may belong to the genus Sph^vfiinit^dmy of the epoene and 
mioeene of Europe. the middle and upper oretacjeotm Trlohinopoli series, 

seventeen speotM of Slasmobrandhi have been described^ belonging to the genera 
Oorax, Bnckodm, Xamna, Odowta^ia^ Otodus, Oxychina, Ptyphodus, and Spheerodus, 
and one gauoid, doubtfuUj referred to Pycnodm ; all those gmem occur in the 
cretaceous of Europe, of which period some are charaoteristio. Two of the 
Indian speoies, viz., Oorast prisiodontm and Ptychodaa ladutmnm, are common 
to the cretaceous of Europe. Most of these species are founded on the evidence 
of teeth, some of which are in the Indian Museum and others in the collection of 
the Geological Society of London. 

Eocene.—From the eocene of the Andaman Islands and E&nm Island on the 


Arakan coast, there have been obtained two teeth of a large Piodon, named 
D. foleyi; from the occarrenoe of D. hyetrix off these coasts at the preseni^ time, 
it may be assumed that the genus has lived there since the eocene. Bemains of 
a large species of this genus have been obtained from the mioeene of Mfdta. 
Undetermined cycloid scales have been obtained from the eocene of Thyetmyo 
in Burma. From the eocene of the Panjfib there are other undetermined scales, 
and the dental plate of a species of eagle-ray,——a ^nus very common 
in the eocene of Europe, and widely distributed at the present day. From the 
neighbourhood of Kohdt, in the Panjdb, from strata of eocene or lower mioeene 
age, a single incisor of a sparoid fish, named Capidotus mdiem, has been obtained, 
^be genus was previously known onl^ from the mioeene of Vienna and Silesia, and 
is allied to the living 8argtu. All the above specimens of teeth are in the collection 
of the Indian Museum. 

P^MCsne.—From the Siwalik series numerous sp^ies of fishes hare been 
obtained, though severa lhave not been dej^rmined. Among the siluroids-, we 
have a large skull in the Indian Museum (originally referred to a gigimtic 
batraohian) belonging to the living species BagariasjfarrelU, of the larger bndian 
and Buiman rivers. The British Museum has the anterior portion of the skull 


of a silnroid (labelled Piimlodtu), belonging probably to a smaller species of the 
same genus; and a smaller but nearly complete skull in the same collection be> 
longs probably to this species. The survival of a pliocmie jfish to the present day 
is a &iot of much interest. The genus would seem to have been wid%' distri¬ 


buted in eocene times throughout tho East, as a speoioS has been, described tirom 
tertiaries of Sumatra under the hasoe of B. gigaa; The posterior half of the 
s knll of a gigan^ siluioid in the British Museum inditetes apotiier gexius pf tbia 
gipnp. Palatal teeth of a third form of siluroid, from;^ Pas^b and Sind,, and 
now ijti the Indian Museum, probably belong to the genip Ariits, now inlmHting 
tite ^vers nf India. afew te^b In^bate a speejes of 

w ,a riigte tch^ Indian Mute^ '^ni Buraim babo^d 


' tbaj^diaih MqJietinb'hbW,betsx.<d|tii^^^ the 
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Froxu ihe teirtiaries, or po8t«tortianes, of the Ejlehoilr vnJIej a few fiah«softles 
hsye beesi obtained. 


CtABa 11.—AMPHIBIA. 

2n^r':/am.<-~’Theoldesi4cnowa Indian amphibian is represented aslrall and 
part of the yertebral colmnn, from the Bijori group of the Hondwfinas, of a large 
species. This fine specdmen belonged to the Asiatio Society of Bengal, and was 
sent to England for description about 18 years ago, since whioh time it has lain 
unnoticed. It has recently been recovered, and the writer hopes subsequently to 
give a description of it. The skull is of a triangular shape, and has been referred 
to Archegoemrus and Lc^yrmthodon. In its restricted sense, no skull is known of 
the latter genus, and it is quite possible that the Indian specimen may belong to 
JAastodoneaitrus or to some other genus. Provisionally, it is convenient to refer 
to it as an Arohegoeaurue (see Hote, p. 93) 

Prom the Panchet group of the 0ondw&nas thred genera of slender-jawed 
lahyrinthodonts, allied to those of the European trias, are known. The first of 
these, Paehygowia, has only the one species P. incurvata, and is known by the 
greater part of the mandible, and a fragment of the skull. The marking of the 
former is like that of Maatodoneaurua. The second genus, Oonioglyptua, has 
two species, the smaller known as O. longiroatna and the larger as O. huxleyi ; it 
is considered to be closely allied to Trematoaatmia of the hunter-sandstone of 
Qermany. The third genus is known only by a single fragment of the mandible, 
to which the name Qlyptognathua fragtlia has been applied. Those three genera 
are peculiar to India^ and all their remains are exhibited in the Indian Museum; 
the two former belong to the group Euglypta. 

Prom the M6ngli beds of the Giond^&nas, another peculiar genus of 
lal: 7 rmthodont has been obtained, and is represented by a single skull in the col¬ 
lection of the (Geological Socie^, to which the name Brachyopa laMc^a has been 
applied. The genus is allied to Sdhimoaawrua from the Jurassic of Europe, to 
MiorophoUa of the trias of Africa, and to Bothricepa of the trias of Australia, and 
with them oonstituteB the group Braebyopina. 

Prom the Maleri group fingmentaxy jaws of a species of Baehygonia^ probably 
the same as the Panchet form, have been obtained, as well as simple biconcave 
Vertebras of considerable size, probably belonging to a labyrinthodont; these speoi- 
mens are in the Indian Museum. 

Terticrry ,—^Ho amphibian remains have hithmrto been obtained between the 
tnas-jnxa and the tertiaries. In the lower series of (he latter at Bombay there 
occur numerous remains of a small frog, belonging to the genus Chygloaava, now 
living in China, Siam, and posmbly India ; the fossil species is extinct, and m 
hnown as 0. pmilim: remahm of a larger, bnt undetermined, frog axe alao 
iyidiiBS'ted. 

m.—BBPTIIiIA. 

I oldest repUlss hitherto fooz^ in India belong to the orders 

tMisififia and 2Ih:ynodontia» ahd occur nesw Edmganj in lower Bengal, in 
thf PiMet df the probably of triaadio age. The remains 
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cS a species of JHcynodcm^ belonging to the sub-genna IHychognoithuSf are of 
comparativdy common ooourrenoe m the coarse Panohet sandstone, and hare 
been described as D. ofimtaUe* Other remains seem to indicate a second and 
larger species of the genus. This order of reptiles seems to be oharaotenstio of 
the txias of India, Bussia, and Africa, and to hare attained its fullest development 
in the latter country. The remains of the Indian forms all oocur over a very 
small area in one thin seam of the Panchets. The Dinosaur has been named 
Ankistrodon mdicwt and is the sole representative of the genus; it is known 
merely by two minute oompresMd and trenchant teeth with serrated edges, like 
those of Megalo8auru8, implanted in distinct sockets. The above specimens are 
in the Indian Museum. The Maleri group of the same system has yielded 
numerous, though much broken, remains of a large crocodilian, constituting the 
still undescribed genus Pa/rasuchvta, and bearing the manuscript specific name of 
hislopi, after the late Bev. Mr. Hislop, the discoverer of the vertebrate fossils 
of the Mideri group. This omcodile belonged to the amphicoelian division of 
the order, and seems to have been olosely allied to Belodm and StagonoUpia of 
the trias of Europe, the three genera forming a group characterised by the 
non>union of the pterygoids behind the palatines. G%e scutes referred to 
ParasuchuB differ from those of living crocodiles by their sculpture consisting of 
ridges and furrows radiating from a suh-central point, instead of isolated irre< 
gular pits. From the Denwi group of the same system a single scale of a 
gigantic crocodilian, probably belonging to the above geitus, has been obtained. 
The Tiki beds in South Bew&, which are not improbably the equivalent 
of the Panchet group, have yielded other crocodilian remains, agreeing in 
the structure of the scales with Parasuchtis, but distinguished by a totaUy 
different form of barioccipital, whenra it is inferred that they probably belong 
to a distinct genus. In addition to the above, the Maleri and South Eewt roci 3 
have yielded remains of a large species of the lacertian genus ffyperodctpedon, 
originally described from the English trias. The Indian species, JET. huasl^i, 
differs from the European, JET. granti, by theugreater number of the palatal teeth, 
and the presence of some additional teeth on the outer surface of the mandible; 
its length has been roughly estimated at 16 feet.* The genus is closely allied 
to the living SaMeria of New Zealand, and has been supposed to have an affinity 
to JRhgnehoaaunu of the trias of llurope. From the Ohdri group of the jura 
of Each there has been obtained a single crocodilian vertebra, not improbably 
belonging to Paraauehtu ; and &om the TJmia group of the same, a fragment of 
the man^ble of a Pleawsaurua, described as P. indieua ; the affinities of this 
form cannot be fully determined from the specimen. 

The whole of the remains from the trias*jura, mentioned above, are in the 
collection of the Indian Museum. 

Oretoceotw.**~From the Triohinopoli group (upper cretaceous), and probably 
from the Lameta group (middle cretaceous), there have been obtained a few teeth 
of a species of Megaloaaunu, a genus whose range in Europe extends from the 
Jurassic to the wealden; the one tooth of the Indian form now forthcoming is 
in thp Fvom the T^^ete series there have' also been obtained 

the remains of genus of g^ganUc dinosaur, to which the name Tetono- 
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hut been Mwigned. Tlii* getras is allied to Pehrosmrw of the iKaglish 
wMlden, and to Odiosaimu of the jiu»Bsio, and ms a longwtailed tenoBtriel form. 
The gentis was represented hjr two 8pecies,*«>2’. wdioua and 2*. hlmfordii the 
former oharactensed hy the oentre of the caudal rertehre being compressed, 
while in the latter they are sub^lindrical. Numerous vertebim, chiefly caudal, 
and a huge femur, nearly 4 feet in length, are preserved in the Indian Museum, 
and there is a cast of one of the former, belonging to T. Mioua, in the British 
Museum. A few bones, in the formm collection, indicate a smaller undetermined 
reptile from the Lametas. 

The Chelonia are known in the cretaceous merely hv some broken plates, in 
the collection of the Indian Museum, obtained from the Lametmi, from the 
infra-trappeans of Bdjamahendri (Bajamundry), and from the upper cretaceous 
of Sind. 

The Orocodilia of the cretaceous are known only by one amphicoelian species, 
apparently allied to Suekoaawnu of the English wealden, of which some vertebrm 
have been obtained from the unner cretaceous of Siud. and are now in the Indian 
Museum, 

A large spedee of IcMkyotawnu, named I. mdieus, is known solely by a few 
vertebras obtained from the middle cretaceous of Trichinopoli, and now in the 
Indian Museum; the range of the genus in Europe is from the lias to the chalk. 

JStoce»e.-<*The only speoificially determined eocene reptile has boon referred to 
the genus Sydra^ia, under the name JET. Idthi. The specimen on which this 
determination rests is a eacapace from the inter-trappeans of Bombay. The 
genus Mydraepia belongs to the Bnvydidaif and is now confined to tropical America. 
Fanm the nnmmnliti(» of the Panjib numerous fragmentary remains of croco> 
djltan* have been obtained, but in too imperfect condition for determination. 

'Many of the Siwalik chelonians in the British and Indian Mn- 
senms are still undescribed, and the following list must, therefore, be con- 
sidered imperfect. Of the Orocodilia, a species from the Snb.Himalaya and 
Pesrim Island has been identified gnth the living Indian Orocodxlm pahutria 
{hambifrona)t remains from Burma aud Sind probably belonging to the same 
speeiee. Of the genus OJumaUa (^Leptorhynchaa), a species from the Snb-Hima- 
liyak Burma, Sind, and Perim Island is identical with GhcmaUa gmgaUcfus of 

Gang^M and Jamna. A second species from the Sub-Himalaya, with slender 
teelih, hw beoD. named (?• leptodm; and a third, of gigantic dimensions, and with 
shorter and stouter jaws and teedli, 0» oraaaidena; the latter has been obtained 
from the Sul>>HixaBlaya« Btumai and Sind. Bemains of the above i^woias are 
pireserved both in the British and Indian Mnsenms. 

Of the order IiaperhQia eu1|gr one species of Varamta is known, utd muned 
V. iioalemii: i^la detin^minatim rests on the evidence of the distal extremity of 
bmneros, from fhe Sn})*Biaaalaya, in the British Museum. The genus Varanua 


»jn tlds uvuerfr tlwlbwfhliai!)^^ Bind (loww]£iU)«hhsri)srstMn&6desrUer plio* 

' upSI ttf Snl other psrta rf XndU Ugher plio<WQe,--^dleponi1)^ltiy 

fit the tSNl b«M>i w mbnaio «go hdail^ Stoi kept in rfew, Ths tsmi ettfia' 

tjlbestv |» indleste that the one is eMse thsa the etbenaad 
of 
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ia now ol common ooomrmaiik i^d Maf ^bably ezisi^'#0^ oligocenC) aa 
the eo^lisd PaimoBOa^atim of Qn^ni^ pbosphori^ x6 came. 

Tiie O^dia are iqaiaMm iOfJ^ icBne vertebxm frmki Ute i^jdbh and Sind, 
belonging to the geima Fython, and not distinguishable those of Ihe Eving 
Indian Pk moiwrvs; these speoihiens see in the Indian bthsenin. A speoins of 
python (P. cadurswMt^) from the Quexy^ phosphorites st^sns to have yery dosely 
rasembled P. mohmi^. 

The Oh e lonm. a^ trell represented, and comprise azooni^ other hind tortoises 
the gigantic Ootoaaoehslya ailaa ixassi the Sul>Eimalaya and Bnrma This form 
is stated to he mainly distingnished from Teatvdo by the thiekening of the epi> 
sternal portion of the plastron, bnt it is doubtful E this character is of generic 
value, and the specie should probably be referred to the latter genus. The 
length of the r^tored carapace in the British Museum is 12 feet 3 inches, and 
the entire animal, with the head and tail extended, is considered to have attained 
the length of 22 feet. In addition to this gigantic animal there is good evidence 
of the existence of other large tortoises, as the Indian Museum possesses several 
specimens of the ankylosed epistemals of at least two species of large tortoisos. 
These bones are as thick, but not as long, as those of Oohaaoohelyat and their 
extremities are shorter, but more divei^nt; they probably belonged to species 
of Teatvdo, about two<thirds the size of 0. atlas. A bre^n epistemal indicates 
a third, but smaEer species; whEe a fourth species of about the same size as,the 
iMt is represented by three epistemals in the Indian Museum, which are not 
bifurcated at their anterior extremities. A single carapace of a small tortois»<^ 
in the Indian Museum seems also to belong to the genus T&stvdo. Among the 
hard-shelled emydine tortoises we have a species of Bellia, represented by two 
carapa(»B in the Indian Museum, ijihioh has been named B. ewaXamutf and m 
considered to be closely allied to B. craaaicollis, now inhabiting Tenasseiim, 
Siam, and Sumatra; the genus is only represented by one other living species, 
S, wichaUa of Java. Another carajKMse in the TudiftTi Museum, also from the 


Fanj&b, seenu to indicate a second SiwaUk species of the genus. In the British 
Museum there are two carapaces of Siwalik land tortoises, with three dorsal 
ridges, which, although differing oousiderably in size, evidentiy belong to the 
same species, and since the smaller caimot he distinguished ^m ^ living 
nia hamiltoni, inhabiting Lower BengsA fkej ^^7 referred < to that species} 
as is frequently the case, howev^, tlm foasE form grei^y exceeded the Ering in 
aiae. The larger specimen was named manuaci^pA An: 

imperfect: carapace from the Pani6ht in the collection,of the Indhm Mtiaetun, 


seeins to belong to the genus J^inya. A single marginal plat^ also in tlm. Li^^an 
Musemn, has been referred, un^r t^ name of to. a hew < 

gen^ said to be distinguished &om^ other emydine tortoises: by tl^^ 
uque; in phme.of the osseons, union oC; the marginalB Wii|i the n^oin^^ plates. 
Among the Bstagurid^ some oarapaoes in the Mtnieuxa indite an 

identiwE with the Eving ii^Mtneg Lower 

than thO;.r«io^/\A':..^^ 

A;'0i^|^'<<^'thls'g6nui^.^ with. , 
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phkteBf reiy prolaaUy belongs a second species, BemainS of a large Trumyu are 
likewise not nnoomsion, bnt have not yet been specifioally determined. A eera* 
pace in the British Mnseum has been identified with the living Brnyda viUota 
(eeyloneMia) of Central and Southern India and Ceylon, and it is Iprobable that 
numerous other remains of this genus may be referred to the same species. 

P 2 eMtoeen 0 .~-The reptiles of the pleistocene are still very imperfectly known, 
but it is probable that they all belong to living Indian species, jl^m both 
the damns and ISTarbada b^ specifically indeterminable remains of crocodiles 
have been obtained. Two complete specimens of the carapace of Pangahitra 
teotwn from the Narbada are in the Indian Museum, and serve to connect the 
living with the Siwalik form, and show that the range of the species once 
extended over the greater part of India. A portion of the plastron of a Batagwr 
from the Narbada has been provisionally referred to B. dhongoka, now found in 
the same river. A fragment of the carapace of a Trionyz, from the same de« 
posits, probably belonged to T. gangetioua, and it is highly probable that a large 
chelonian cranium in the British Museum, from the same deposits, should be 
referred to the same species. 

CeneroL-v-The foregoing notes will show that the fossil reptiles are very few in 
number, and that many are only known by very fragmentary remains. The 
known mesosoio forms belong entirely to extinct genera; the one known eocene 
rutile belongs to a genus still living, but now far removed from India; the 
pliocene forms (with the exception of the doubtful genus, Colossochelyi) all belong 
to modem Indian genera, and frequently to existing species, although their 
range is now frequently restricted to the more southern parts of India; in the 
pleistocene it is probable that all the forms belong to existing species, which 
still inhabit the same districts as their fossil ancestors, 

Cmuns IV.—AVES. 

PZioeens.—Bemains of Inrda have hitherto been found only in the Sub* 
Himalayan Siwaliks, and in one ifistance in Sind; their numbers are still very 
iwnajL Some of these remains are in the British, and the others in the Indian 
Museum. Among the carfnates, a tarso-metatarsus has been considered to 
belong to a cormorant, and is provisionally referred to the genus Qraeulw. A 
ipeejes of pelican {Pdecanm caniMeyi), somewhat smaller than the living Indism 
Pi initredu$f is indicated by a fragment of the ulna; while another fragment of 
the same bone has been lefesred to a second species, under the name of P. eiaa- 
ientie, but there is some doubt whether the generic determination is correct. A 
gigtvntio wader has been desoribsd, from the evidence of a sternum and tibia, 
pnder the name of U^ahecehrnie ifMeims, anl it is possible that the condyles 
of It Immsms from Sind, metuiiiring 2 inches in diametar, may belong to the 
MUhiS goous. A species of stork, wbkh appears to have had consideiv 

Hsriations in adse, has Darned Argalafahoneri. The Batitie appear to 
xa^NMIieDted by thras ipames, one of which vma atme ostrich (Stn/dhio 
ami $» known ly aovm bmms of the leg and foot} and some cervioal 
Ifha ^aoAnd species iaim emeu (Xhomaem and Is indicated 

* The uatai A|is|eMios« oconn in ttsaninript. 
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by some toe^bonea; while the third, which is not eren genetically determined, is 
considered to bo a three.>toed form, intonuediato between the ostrich and the 
emen, and is only known by one of the bones of the foot. 

OiABS V.—MAMMALIA. 

traces of mammals have yet been detected below the eocene, 
and there only some very fragmentary bones Ld.To been obtained from the Panj4b. 
The determinable bones consist of the distal portions of the femur and the meta* 
tarsus of a perissodactylate animal, allied to, if not idontioal with, the palaso- 
thore and the astragalus of an artiodaotylate. The latter was obtained abovo 
the nummulitic clays of Fatehjong, and belonged to a (probably) ruminant 
animal, in which the navicular and cuboid elements of the tarsus were united. 
These specimens are in the Indian Museum. 

Miocene .—The only definitely determined miocone mammal is a rhinoceros 
from the Gfij beds of Siird, which is apparently a variety of B. sivalensis, and has 
been named v. gajensis. 

Pliocene.-—The primates are known merely by a few fragmentary specimens 
of upper and lower jaws, with their teeth, and by one bone. The palate of a 
female, and the upper canine of a male, have been referred to a large anthropoid 
ape, under the title of Palceopitheem sivalensis; the genus seems to be allied to the 
orang, but is distinguished by the narrower form of the premolars: this speoi> 
men is in the Indian Museum. The half of a palate, not improbably belonging 
to a species of Sermopithecus, in the British Museum, has been provisionally 
named 8. suhhimalayanvs. A lower jaw 'and an astragalus, the former in the 
British Museum, seem probably to belong to a smaller form of SenmopitheeitSt 
considered to be distinct from the former species. A species of Maeacus, larger 
than M. rhesm, is indicated by two fragments of the mandible, in the British 
jSduseum; while a second species, smaller than M. rhesus, and known as M. 
sivalensis, is represented by two fragments of the maxilla, with teeth, in the 
Indian Museum. • 

Among the Carnivora we find a large species of tiger, characterised by its 
greatly developed sagittal crest, which has accordingly been named Felis cris- 
tata ^ ; this species is represented by three crania (and limb-bones) in the British 
Museum, to one of which the separate specific name F. grandioristata has been 
applied, but apparently on insufficient grounds. The Indian Museum possesses 
some limb-bones, and a lower comassial tooth, which not improbably belong to 
this species. A smaller species of the genus, about the size of F. bengalmsis, is 
indicated by a single ramus of tiic mandible, in the Indian Museum. The genus 
Madtavrodus is represented by M. sivalensis (M. faleoneri, Pomel), apparently 
varying in size from the dimensions of the jaguar to those of the tiger, although 
it has been’proposed to distinguish the larger form under the name of M. pa- 
IcBindieus. This species is represented by two broken skulls, and numerous 
fragments of the jaws in the British Museum, and by the hinder part of a small 
skull, and part of the mandible in tbe Indian Mnsenm. The ^nus Pseud- 
ashsruf, distinguisbed from FeUs the presence of three, or occasionally four,» 

^ Tbe naaoseript uaaa F. palaoligris, exists. 
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in place of two lower premolars' (altlioiigli the ante<penaltimate premolar is 
occasionally present as an abnormality in Felis), is known by a ramns of the 
mandible, in the Indian Museum, named P. aivalmsis; the species was about 
equal in size to a small leopard. Among the civet-like animals we have a 
species of Vwerra, said to be closely allied to the living civet» and represented 
by two skulls in the British Museum, to which the name Viverra hak&ri has been 
applied. Ictitherium is represented by I. sivalense, of which the two rami of one 
mandible, a broken ramus, without teeth, of another, and a canine tooth are 
known, all of which are in the Indian Museum, and came from the Panj&b. 
The hysenas are represented by Hyt^na sivalensis, said to present relationship 
both to the Indian H. striata and to the African and European H. erocuia, of 
which there are numerous specimens of the skull and mandible in the British 
and Indian Museums. It has been proposed to separate some of these specimens 
under the name of H. felinn, a so.<»llod species said to be characterised by the 
absence of the first upper premolar, and by the midute size of the last upper 
true molar; a large series of specimens shows, however, a great variety in these 
respects. Remains of a species of Hycem have been described from the plio¬ 
cene of China, and referred to a distinct species. The dogs are represented by 
Cams oatUhsyi, and G. curvipalatus; the former closely allied to the wolf: portions 
of the skulls of these species are in the British Museum, and a specifically un¬ 
determined palate in the British Museum. The genus Amphicyorit distinguished 
from Canis by its plantigrade character and by the presence of an additional 
upper true molar, is represented by A. pakeindicus^ of which the Indian Museum 
possesses several specimens of the jaws and teeth from Sind and the Fanjfib. 
The bears are represented by the genera Ursiis and Myomarctos: of the former 
there is a skull, without teeth, from the iSujj-Himalaya, and a canine from the 
Iraw&di, both in the collection of the Indian Museum. Of the latter there are 
two species, H. sivalensis and H. palaehidicm, IT. sivalensis has the molars with 
quadirangulor crowns, and is known by a fine skull, the half of a mandible, and 
some limb-bones, in the British Museum; and by numerous specimens of the teeth 
and jaws in the Indian Museum; a single upper molar from the newer pliocene of 
England much resembles the teeth of this species. H. paheindicus is known 
only by a single maxilla in the Indian Museum, and is distinguished by the 
triang^ar form of the crowns of the upper molars, which approach those of 
Amphicyon. Of the snbursoid carnivores, the genus MelUvora (Uraitaaus) is re¬ 
presented by M. ahahnsh, known by a fragment of the mandible from the 
Panj&b, in the Indian Museum, and apparently very closely allied to the living 
Indian species ; and the genus Melea by a single species, of which there is also 
only a fragment of the mandible contained in the Indian Museum. Of the 
otters, Lutra pakemdiea has been named from the evidence of a skull and lower 
jaw in the British Museum; and a second species seems to be indicated by a 
lower jaw from the Panjlib, in the Indian Museum. JEnhydriodon, represented 
by E. forms, is a genus peculiar to the Siwaliks ; the only known specimens are 
two slimlls in the British Museum, a part of the maxilla in the Museum of the 
Beyal OoUege of Surgeous, and a mandible. The genus takes its name from its 

* Poessionally a tuberoalsr true tnclar is present, sod the genus then approaches Praaihtraa^ 
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afB.iiitj' to the living soa-otter (EnJiytlras). The living genus inhabits the 
coasts of the North Pacific daring winter, and proceeds up the rivers in sumpier; 
but it is probable that its fossil ancestor must have been entirely a river-dwelling 
form. 

The Proboscidia are very abundantly represented, species of all the known 
genera or sub-genera being present. The mo'^t speciaUsod genus, Euelejtltas^ 
is represented by E. Tiysudrims, of which the molars are of less complex structure 
than those of E. indiem. Lojeodon is represented by L. phmifrons, remarkable 
for being the only species of ti*ue elephant in which premolars are known to have 
been developed. The genus or sub-genus Steyodon, peculiar to South-Bastern Asia, 
is represented by four species. Of these the molars f)f 8>,g(tnesa and 8m insignis 
appear to be indistinguishable from one another; the skull of the former, 
however, of wliich there is a magnificent specimen in the British Musonm, is 
distinguished by its enormous tusks; while that of the lattei*, of which there are 
numerous specimens, by the peculiarly depressed form of the fronto-parietal region. 
Molars of either 8. tnsignis or oi the next species, if not of both, have been obtained 
from strata of probably pliocene age in Japan. The niolai's of the third species, 
8. bornbifrona, are less complex than those of the preceding; its skull has very 
prominent frentals; remains of this species have been obtained from the pliocene (?) 
of China, and described under the name of 8. orientitlii. Of the fourth species, 
8. cUfti, the skull is unknown, but the molars are still simpler, the intermediate 
ones*bearing only six ridges each; remains of this species have also been obtained 
from Burma, Japan, and China, a tooth from the latter country having been 
named S. sinensis. Five species of mastodons are also known, throe belonging to 
the tetra-, and two to the tri-Iophodont subdivision of the genus. Of the former, 
M. latidens approaches nearest to the stegodons, and, as it has open valleys, and 
the intermediate molars occasionally 6arry five ridgos, it affords such a complete 
transition between 8. dijti and the other mastodons that it seems highly probable 
that the generic divisions of the elephants and mastodons should be swept away, 
aud the whole of them included under one la^e genus. The skull of M. latidens 
is unknown; its remains have been obtained from tho Irawadi valley, the Sub- 
Himalaya, Sind, and Porim Island. M. has the molars rather less 

regulsir than the last; there is a fine skull in the British Museum, and its 
remains have been found in the Pan jab and Porim Island. The third tetra- 
lophodont species, M, sivalensis, has the molars with an “ alternate” arrangemei^t 
of the ridges, and occasionaJly presenting a tendency to a pentalophodont formula; 
there is a fine skull in the British Museum, and i-emains of this species have been 
obtained only from tho Sub-Himalaya. Tho skulls of the two trilophodont species 
are tmknown, and all their remains, which arc from the Panjab, Sind, and Perim 
Island, are in the Indian Museum *. In the first, M. fahsoneri, the valleys of the 
molars are open, and the symphysis of tho lower jaw is short, and sometimes 
provided with small cylindrical tusks. In the second, M. pandionis, the valleys 
of the molars are obstructed by outlying columns, and the symphysis of the lower 
jaw is produced into a long trough-like process, which may or may not be fur¬ 
nished with large compressed tusks. Of the genus Dinotherimn throe species are 

* This is exclusive of the remiuas of M, pandionis from the pkUtoceno of Madras. 
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kj^own: ttie largest of these, D. mdicum, rivals in size the EnTOpean D. giganteum; 
there are several specimens of the teeth and jaws in the Indian Museum, and also 
in the collection of the Bombay Branch of the Bojal Asiatic Society; there is also 
a cervical vertebra, part of the mandible, and an upper molar in the British 
Museum; remains of this species have been obtained from the Panj^b and Perim 
Island. The second species, D. pmiapotamice, is of smaller size, and has been 
obtained from the Panjdb, Kaoh, and Sind; numerous specimens of the teeth and 
Jaws are exhibited in the Indian Museum. The last species, D. sindimse, is 
only known by two specimens of a part of the mandible, one from Sind and the 
other, lacking the crowns of the molars, from the Panj4b; both specimens are in 
the Indian Museum. The mandible in tliis species is Bub<ylindrical in cross- 
section, and thereby approaches the mastodons. 

Coming to the Ungulata, we find both the pexisso-, and the artio-daofrylate sections 
•well represented, though the latter are by far the most numerous. Among the 
former, we have the rhinoceroses represented by three lapeeies of true Rhinoceros: 
the first of these was a unicorn form, apparently very closely allied to the living 
R.javanicus (sondaicus)^-uhioh. it resembles in the form of its molars and tho 
mandible. Skulls and teeth of tlua species are contained both in the British and 
Indian Museums, and its remains have been obtained from the Sub-Himalaya and 
Sind. The second species, JS. paiesindicus, does not seem to come veiy near to 
any living form; this species was also unicorn, and the mandible had two pairs 
of incisors; the upper molars are intemaediate in structure between those of the 
living Javan and Indian species. Most of the remains of this form are from the 
Sub-Himalaya, and are in the British Museum. The third species, B. platyrhinus, 
was of huge size, and furnished with two horns; its molars are of the complex 
type of B. indicus, and its mandible has no incisors like the mandibles of the 
living African species, and the extinct B. pachygnathus of Pikermi. Remains of 
f.hiH species hare been obtained only from the Sub-Himalaya, and are nearly all 
in the British Museum, where there is a nearly complete skull. All the above species 
have high-crowhed (hypsodont) mo]p.rs. It is possible that certain remains from 
the Bhfigti hills, now in the hands of the writer, may indicate, a new species of 
the genus, with a mandible fesembling that part in the existing African species. 

Imperfect molars of a species of Rhinoceros have been obtained from the 
plio cene of China, and described as B. sinensis. The hornless rhinoceroses are 
represented by the gigantic Acerotherivm perimense of which there are a fine 
skull and numerous teeth and jaws from the Panjdb, in the Indian Museum, and 
a magnificent palate and some ppecimens of the mandible, from Perim Island, 
in. the collection of the Bombay Branch of the Royal Asiatio Society; the British 
Museum also possesses a few specimens of teeth and jaws from Perim Island. 
The genus GhaUcotherium, formmdy classed among the artiodactylates, but now 
placed ma^cy among the per^odactylates as a link between the rhinoceroses 
and the paleotheres, is repisaitoted by 0. sivalense,’^ speoim presenting a 
peculiarly aborted dentition, hi^ce referred by some to a distinct genns, under 
the name of ITmtoriihermmi it hsui been considered to be nearly allied to Bhino^ 
Cd^pdtdiygkcdhm. This spedee is of rare oocurtenoe, but is kno-wnbyan 
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aesociated craniuta and mandible, in the Museum of St. Andrew’s University; by 
the upper molars of each maxilla and a mandible in the British Museum, and by 
a few lower molars in the Indian Museum. The latter specimens are from Sind, 
and the others from the Sub-Himalaya. Another species has been described from 
the pliocene of China. It seems doubtful whether the genus Tapvnts occurs; the 
symphysis of a mandible from the Irawddi valley has indeed been referred to it, 
but the determination cannot be considered certain^. Fossil remains of the genus 
have, however, been obtained from the pliocene of China. The genus Lietriodou, 
sometimes referred to the pigs, is represented by L. pentapotmim and L. tlieo- 
haldi, the former being known by several molars, and the latter only by one 
molar of small size. All those teeth were obtained from the Panjdb, and are 
in the Indian Museum. 

The horses are represented by the genera Equus and Sippotherium {Hippo- 
riort) ; of the former there are two species, viz., E. sivalensis, apparently closely 
allied to the Tibetan Hang (E. hemionus"), but retaining some ancestral charac¬ 
ters, and E. namadicus, more nearly allied to the existing horse. Bemains of 
these species have been obtained from the Sab-HimaJaya, and one species of 
the genus from Perim, of which there are three molars in the Museum of Trinity 
College, Dublin. Of Hippotherimn there are also two species, viz., H. antelopimm, 
closely allied to the Em’opean H. gracile, and H. theobaldi, distinguished by its 
superior size, and the form of its upper milk-molars. The former has been 
obtained from the Sub-Himalaya and Perm Island, and there are numerous 
remains both in the British and Indian Museums. A fine skull from Perim has 
l)een recently sent on loan to the Indian Museum, and is the only known example. 
The latter has been obtained from the Panjab, Burma, and Perim Island, and 
most of its remains are in the Indian Museum; it is not improbable that the 
range of this species extended to China, where molars belonging to some form 
of the genus have been obtained. Coming to the artiodacfylates, we have 
among the bunodont pig-like animals two species of Hippopotamus, one of which, 
H. sivalensis, was of large size, and famished with six incisors in either jaw; 
the other, H. iravaticus, is very imperfectly known, but seems to have been of 
small size. Remains of these species have been obtained from the Sub- Himalay a, 
and tho Irawidi valley. A laige animal, Tetraconodon magnum, is known only 
by a broken mandible, from the Panjdb, in the Indian Museum, and of which 
there is a cast in the Museum of the Royal College of Surgeons, and by a figure' of 
the upper dentition. The mandible is remarkable for the enormous size of the 
premolars, and indicates an animal allied to the European and American tertiary 
genus Entehdon {Elotherium}, but distinguished by the greater relative size 
of the premolars, and the more regularly oblong form of the true molars. The 
true pigs (Sms) are represented by three species, the first of which, 8. gigaMeus, is 
distinguished by. its enormous size; there is a nearly eomplete skull, with the 
mandible attached, and with some of the limb-bones, of this fine species, as well as 
numerous other remains in the Indian Museum, and a large series of teeth 
and jaws in tho British Museum, all of which have been obtained from 
the Panjdb and Sub-Himalaya. The second species, 8. hysudriem, is sma.l]ef 

^ Bemaiiu of Lkiriodon have been described as ii^irus. 
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than the living mld-boav, and has been obtained fix)m the Panjdb, Sub<Hunidaja, 
Perim Island, and Sind. The last species, 8. punjahiensis, is of vetj small 
dimensions, and is only known two portions of the mandible from the Panjdb, 
now in the Indian Museum. Hippohyus is a genus peculiar to the Siwaliks, 
whose molars present a remarkable complex arrangement of the columns, recalling 
the pattern of the molars of the horse; it appears to have been represented by two 
species, both from the Sub-Himalaya, and one of which has been named H. siva- 
lensis. Sanitherium is another genus peculiar to the Siwaliks, and is represented 
only by 8. schlagintweiti, of which three fragments of the mandible are known, 
two being in G-ermany and the third in the Indian Museum; all three are 
from the Panj&b and Snb*Himalaya. The European miocene genus Hyotherium 
is represented by the molars of one species from Sind and Perim Island, which 
has been named H. sindiense; these teeth are in the Indian Museum. Of 
the selenodont pig-like animals, we have, among the group with five columns on 
the uppei^ molars, two species of Anthracotherium, *and two of Syopotam/as. 
Of the former, one species, A. ailistrense, is of small size, and is known by three 
upper molars, and parts of the mandible; these specimens have been obtained 
from near Sylhet, the Panj&b, and Sind, and most of them are in the Indian 
Museum. The second species, S. hyopotamoides, is of large size, and is known by 
an upper molar in the Indian Museum, from the Bhfigti hills, to the north of Sind; 
some mandibles may also belong to this species. Of Hyopotamus, a small species, 
3. palcBrndioTis, is known by several teeth and one lower jaw, from Sind, in the 
Indian Museum; the molars of this species difEer somewhat from those of 
typical species. The second species, H. gigantem, is known by an upper molar, 
and by some specimens of the mandible from the Bhfigti hills, now in the 
Tndia.n Museum ^; the upper tooth much resembles that of Anthraa>therium 
hyopotamoideSf and with that species forms such a complete transition between 
the genera Anthraooth&rium and Hyopotamus that it seems highly probable 
that the two should be united. Among the forms characterised by having 
only four columns on the upper {uolars, there are four peculiar genera, each 
of which is known only by a single representative. The best known of these 
is M&rycopcdamuSt represented by M. dissimilis, a genus allied to the hyopo- 
tamids by the structure of its teeth, and to the hippopotamus by the form 
of the mandible; this species has been obtained from the Sub*Himalaya and the 
Irawidi valley, and there are fine series of its remains in both tbe British 
and the Indian Museums. A siecond genus, Eemimeryx, is only oextainly known by 
an upper molar of somewhat similar structure to the molars of the last genus; 
this specimen has been named 3. blanfordi, and was obtained from Sind; it is 
now in the Indian Huseum. Another upper molar in the same collection, 
also ffom Sind, has ‘been nstmed 8ivamerysb sindiensis, and indicates a smaller 
animal allied to the above.' A maxilla with the upper molars, from the Gaxo 
hills, presented to the GeolOj^<^ Society, indicates another small animal of the 
«ape groups to which the name Ohmromeryx silistrmsia has been applied. 

, ^ t Caste of the te^ ^of this speeiee and of A. hyopotamoides will be found in the British 
The uaates of these, and other selenodont Soina, are mentioned here for the first 
tis^ the meifimr ui whieb they are described bemg still in the prese. 
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A single upper molar from Sind, in the Indian Museum, belongs to the American 
family Oreodoniidce, and has been provisionally referred to the genus Agrio- 
chcerus ; it seems to be very close to the American A. laitfrong. 

Among the true ruminants we have the deer family represented by several 
imperfectly known species, at least one of which had lai^ branching antlers. Of 
these, Oervus ir^lidena had a large accessory column to the molars, while in 
0. sim^licidens, a species as large as 0. hashmiricmus^ the accessory column 
is much smaller. In 0. aivalmsis the molars had very low crowns. The genus of 
the fourth species, C. latidens, is somewhat doubtful. Bemains of these species 
have been obtained from the Panj&b and the Sub-Himalaya, and are numerously 
represented in the Indian Museum. The genus Borcatherium is represented 
by the two species B. majus and D. minus, of which thwe are teeth in the Indian 
Museum, obtained from the Panj&b. A single upper molar in Hie Indian 
Museum, from the Panj fib, seems to belong to a genus related to Palmom&ryXt 
for which the provisional* name Propakeomcryx sivalensis has been proposed; 
it probably connects the true deer with the girafEe. The family Oamelopardalidm, 
which is taken to include both the giraffes and the sivatheres, is represented by 
several genera. In these we have a true giraffe, distinguished as Gamelopa/rdalis 
sivalensis, of which there are numerous teeth and a few bones in the British 
and Indian Museums, from the Sub-Himalaya, the Panjfib, and Perim Island. 
A species of Jffelladotherium, not distinguishable from H. duvemoyi of Europe, is 
represented by a single cranium in the British Museum. Of four genera 
peculiar to the Siwaliks, the first, Vishnutherium, is known by a part of the 
mandible from Burma, and probably by two upper molars, and seme bones 
from the Panjfib, all of which are in the Indian Museum. It seems to come the 
nearest of the four to the giraffe, and has been named V. iravaticfum. The second, 
Hydaspitherium, is known by two species, of which H. megacephalum is known by 
a skull and a large series of teeth and bones, all from the Panjfib, and now 
in the Indian Museum; it carried a massive common hom-base above the occiput, 
from which the horns took their origin. second species, E. grande, was 

larger and is only known by the upper molars and the mandible, all from the 
Panjfib, and now in the Indian Museum. It is probable that a cervical vertebra 
from Beluohistan, in the collection of the Geological Society, belongs to one 
of the above species. The third genus, Bramatherium, is represented by B. 
perimense, of which the skull, teeth, mandible, and some of the limb-l^nes 
are known ; this species carried a pair of horns above the occiput, and a large 
common hom-base on the frontals. Its remains have been obtained from Perim 
Island, and the one known skull is in the Museum of the Boyal College of 
Surgeons, the upper molars in the British Museum, two fragments of the mandible 
in the Indian Museum, and another, with the last true molar, in the Museum of 
Trimly College, Dublin. The fourth genus is the welbknown Sivatherium 
represented by the one species, 8. gigmteum, in which the skull was furnished 
with two pairs of horns. Bemains of this species have been obtained only from 
the Sub-Himalaya eastward of the Pan;ifib, and the British Mx^eum possesses a 
magnificent series of them. There heus been much discussion as to the serial 
position of the foregoing forma, SeUadothermm, with the giraffe, being classed by 
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tidttie witli i^e stags, wUle Sivalkdriwm and the Invo preceding genera are classed 
Vrith the antelopes. The resemblance of the teeth of all these animals is, however, 
BO close that it seems preferable to class them all together in one large family, 
connecting the deer with the antelopes. 

Of the antelopes, the best known is the so-called AntUope palocindica, which 
seems to have been closely allied to the South African genus Damalis (Bonte-bok, 
and Saasaby), and should probably be termed D. patasindica; there are two 
skulls in the Indian and one in the British Museum, all from the Sub-Himalaya. 
A skull from the same locality, in the Indian Museum, indicates a second 
species of antelope closely allied to the living Indian A. cervicapra, which has 
been named A. simlensis. A third species, A. acuticornis, is indicated by numer- 
ous horn-cores from the Panjab, in the Indian Museum, and was probably a kind 
of ^zelle. A fourth species, A. patulicornis, has been named from a pair of 
horn-cores in the same collection. A species of Portax is indicated by numerous 
teeth and a foro-limb, in the Indian Museum; while other molars in the same 
collection not improbably belong to the genus Palmoryx, of the Pikermi beds. 
The oxen are represented by numerous species, three of which are here referred 
to one genus under the name of Hemihos, but have also been inferred to two 
genera under the names of Probubalm and Amphibos ; the group is closely allied 
•to, if not identical with, the living Celebes genus Anoa, which has been referred 
to it under the name of Probuhalus celeben.m. The first species of Hemibos is 
named H. occipitalis^ and varies considerably in the form of its hom-cores, which 
are .sometimes nearly straight and triangular in section, and at others curved 
and pyriform in section; another variety is hornless. There are fine series of 
the skulls of this species, both in the British and the Indian Museums, all from 
'the Sub-Himalaya. The second species, S. antilopinm, is also known by several 
skulls from the same districts. The third species S. (Amphibos), aGuticornis, is 
a long-homed form, and is also represented by numerous skulls, from the Sub- 
Himalaya, in the British and Indian Museums. Leptebos falcmeri is a fourth 
form of ox, which was in some oas^ hornless, of which there are several crania in 
the British Museum. The genus Bubalus is represented by two species; the first 
of these, B. pUtyceros (etvalensis), is kno-vm by one cranium in the British and 
another in the Indian Museum, both ifrom the Sub-Himalaya; the horns were 
(Sitout and concave superibrty. The second species is B. palmindicus, which 
'Odours also in the pleistocene, if, indeed, the topmost beds of the Siwaliks in 


which it- odours should not be referred to that period; this species is evidently 
only a race of the living B, ami, and is very probably the same as B. pallasi 
itom the pleistocene of Danzig. One skull from the Sub-Himalaya, in tbe Indian 
Iduseum, belongs to a species of Bubalus, and has been named B. dvalmsw ; it 
is the eavliest form of the genus, and seems to have been allied to the fossil 


■ ‘DOropean JB. pti^cus. Of the,||riie oxen (Bos), three species have been named, vie,, 
re^rkahle for enormous horns andangulated frontals; S.plani- 
Vdih lhM^hor^ ic^ned froutels, and cldsely allied to the hiuiopean 
B. only knoVm by the loww haK of d. skull 

ihd generic offiniti^'^ doubtful. ' The latter specimen, as well as a 
rt wra dtf eaiiii^ of thd' preod^^^ ate in the Indian'Museum, and came from 
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tlie Siib.Himal^pa. Species of B 09 or aOied genera are indicated from Penm 
Island molars in the Mnsenm of Tianiitj College, Dahjin. a . 

A remarkable hornless aknll, of oamparativeljr lar^ sise, from the Sub- 
Himalaya, in the collection of tiie British Museum, has been described under the 
name of Buca^m darned; this skull oomes nearest to the skulls of the goats, 
while the molars are of a bovine type, and, if found s^arately, would certainly 
have been referred to some form of oxen. There is evidence of three species of 
true goats, the first of which, Octpra avvalensis, is known by two skulls in the 
British Museum, from the Sub-Himalaya, and is considered to be allied to the 
jharal of the Nilgherries (^Setmtragwjemlaicus), and not improbably belongs to 
the same genus. The second spedes, 0. perimensis, is known by a portion of a 
skull in the Indian Mnseum from Perim Island, and was probably dlied to the 
living markhoor (^O.falconert) of the Himalaya, though the hom-cores do not show 
a spiral twist. The third species is unnamed, since its hom-cores, of which the 
Indian Museum possesses-numeroua specimens from the Panjdb, are so like those 
of the markhoor that it is diflS.cult to point out characters of spedfio diatinctioTi 
with the materials available; it is possible that the horns may belong to older 
individuals of 0. perimensis. It has been stated that a cranium from the Sub- 
Himalaya, which is not now forthcoming, belongs to the living Himalayan ibex 
(C. sihirica)f butthis determination requires confirmation, although it is highly 
likely that the specimen may have belonged to an allied species. 
cranium, also lost, has been referred to the genus (his. 

A species of ohevrotain has been determined from the evidence of a single 
upper molar, from the Panjilb, in the Indian Museum, under the lutme of 
Tragulus stvalensis. 

The camels are known by OameUts stvalensis, which presents a peculiarity in 
the structure of its lower molars, connecting it with the llamas (Auchenia) of 
America. Bemains of this species have been obtained from the higher beds of the 
Sub-Himalayan Siwaliks, and are well represented in both the British and Indian 
Museums. , 

The remainiiig orders of the mammalia are only represented by a few species 
of rodents, and by one edentate. Of the former,, a species of rat {Mus) is 
indicated by some incisors tirom the Sub-Himalaya. A species of bambli-rat 
(Bhizomys sivaleateis^) has been determined on the evidence of three specimens of 
the mandible from the Panjdlb now in' the Indian Museum. A porcupine 
(Systrix stvalensis) is known by a part of the cranium and the mandible, the ' 
former being in the British and the latter in the Indian Mnsenm; one is from the 
Sub-Himalaya and the other from the Panj^b. 

The edentates are known by one species of pangolin. Mams sindimsis, nam^d 
on the evidence of a soUiary phalapgeal bone from Sind, now in the Indian 
Museum. The species must have been about four times the size of the living 
Indian M. pentedadiylus. 

Pleistocene .—Coming to the pleistooene, we find that its mammals are even 
less well known than l^ose of tire pliocene. As the pleistocene ossifmrous strata 
are distnbnted in patches, veiy tiwquentiy in the valleys of the great rivers, the 

* Pratddy ^ Tjffhhdon of Ftiooner. 
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remaaod the mors unpOTtant of these areas must he treated of separately. 
The most important areas are parts of Madras and the Deccan; the valleys of 
the Jamna, Karbada, Pemganga, Krishna (Elistna), and God&vari, with their nn> 
merons tiibataries, and the plains of Hdndes in Tibet. It is also not improbable, 
as already mentioned, that the topmost strata of the Snb-Himalayan Siwalihs 
should really be referred to the pleistocene. In many instance, as in the delta 
of the Ganges, it is difficult, if not impossible, to any satisfactory line of 
distinction between the pleistocene and the prehistoric deposits. The presence 
in any stratum of the remains of Sippopotemus, or other genus not now found 
living in India, is considered as fair evidence for assigning such deposit to the 
pleistocene. 

Prom the laterite of Madras palaeolithic implements and a human platycnemio 
tibia have been obtained, and are assigned to the pleistocene. 

Prom the alluvium of the Krishna valley, in the Deccan, a part of the skull 
and the mandible of a rhinoceros have been obtained* and described under the 
T»g/mp of Bhmoeeros decemetms. This species seems to be more nearly allied to 
the living African and the pliocene European species than to any living Indian 
form. ’RftTna.iTiH of an ox, not improbably Bos namadieus, have also been ob¬ 
tained from the same deposits, and, with the last-mentioned specimens, are in the 
|T>riin.ti Museum. Certain molars of the pliocene Mastodon povndionis from the 
Deccan, and now in the British Museum, were not improbably derived from the 
B«LTnft deposits in the upper part of the Krishna basin. 

Prom the ossiferous gravels of the Narbada palesolithic implements of a rude 
form have been found associated with mammalian bones. The carnivora are 
represented by a small species of bear (Ursus namadiiyus), of which there are a 
Tpik-fillfL and a tibia m the British, and a cpnine in the Indian Museum; and a 
large species of Felis is indicated by the distal extremity of a femur in the 
former collection. Of the Probowndia, there is Bmlephca namadteasi charac¬ 
terised by its prominent frontal ridge, and whose molars very closely resemble 
those of the European E. antiquus^dxom which resemblance it has been thought 
that the two forms may belong to the same species. The Indian species has also 
been obtained from Japan. There is one fine skull in the British Museum, and 
three skulls in the Indian Museum. Stegodon is represented 1^ S. ganesa, of 
which there is a fine tusk in the Indian Museum, and veiy probably by 8. maignis. 
The perissodactyles are represented by Bhmoceros indienst oi which the Indian 
Museum has two molars, and by a little-known extinct form to which the name 
B. namadioas has been applied; there is a scapula of this species in the last- 
named collection. There is also a species of horse, Eqwua namadieus, which 
setms to be a survivor from the Siwaliks. Among the Artiodactyla two species 
of hippopotamus were originally described under the names of Sippopotamus 
namadteus and M.palesmdieus; the former having six, and the latter four, incisors. 
Specimens in the Indian Mnsluuoi seem, however, to show that there is a trons- 
itien in these respects between these two so-called species, and all the remains 
have acoordin^y be^ referred to JET. pal^rnddcus, which was hexaprotodont in 
some iudividuals, and tetraprotodont in others. The pigs seem to have been repre¬ 
sented 1^ Bus giganteus, another survivor from the Siwaliks. Bemains of a deer 
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Apparently vexy close to, if not identical with, the living Indian Oervttt dtwaueelUf 
have been obtained, and there is some evidence of a second species. Three 
species of oxen have been described, viss^t Bos ncmadiemf a species showing somp 
affinity to the Asiatic genus Bibot, of which there is a magnificent skull in the 
Indian Museum; Bubalua paUsmdieus, also occurring in the topmost Siwaliks, and 
the ancestor of B. ami ; and Leptoboa frazeri, which was sometimes hornless, and 
is represented by some fine skulls in the British Museum. A species of nilghai, 
of which there are two broken crania in the same collection, has been named 
Portax namadicus ; it is distinguished from the living species, among other cba- 
racters, by the. horns being placed nearer to the orbits. The rodents are only 
known by some incisors in the Indian Museum, probably belonging to a 
species of Mua. 

From the pleistocene of the Jamna valley only four Tn«,TnTnii.lH have been 
specifically determined with any certainty, viz., Buelephaa namadioua, Bvbalm 
paloamdioua, Mippopotamus falceindicua, and the living Antilcpe cervicapra; the 
latter being known by a single hom>core in the Indian Museum. In addition to 
these, remains of a species of SemnopUhecua, Sua, Portax, Eguua, Mua, and of a 
Ehinoceroa furnished with lower incisors, have also been obtained. A tiger, as 
large as the existing species, is indicated by a scapho-lunar bone in the TTidian 
Museum; this species was very probably the same as the Narbada form, and may 
have been Felia tigria. 

The pleistocene of the Pemganga valley has yielded remains of Boa nama- 
diern, a Portax, and Hippopotamus palceindicua. 

The remains from the Godavari deposits have not been satisfactorily de< 
termined. 

The horizontal lacustrine strata of Hdndes in Tibet formerly classed as 
Siwalik, but which are more probably of pleistocene age; have yielded a small 
number of mammalian remains. Among these is a tooth referred to a species of 
Hyoana. Bones belonging to some form of horse have also been obtained, among 
which a cannon-bone in the collection of^the Geological Society belongs to a 
species of Hippotherium, a genus elsewhere unknown in the pleistocene. Several 
of the limb-bones and the fragment of an upper paolar of a rhinoceros are also 
known, but they are too imperfect for specific determination. The other known 
fossils belong to ruminants, the best preserved of which is the greater portion 
of the skull of an antelope, provisionally referred to the living Tibetan genus 
Pamihjohpa, under the name of P. hmdeai&nsia; this specimen cannot now be 
found, but is figured in Boyle’s '* Illustrations of the Botany of the Himalaya 
Mountains.” There is also a skull said to belong to some genus of bovine anim^d; 
another belonging to a goat resembling the markhoor (<7apm falooneri); and a 
palate, in the collection of the Geological Society, doubtfully referred to a 
sheep (Ovis). 

It may be added that mammalian rmnains are steted to have been obtained 
frenn a cave in the Kamdl district of Madras; these remains havei however, never 
been described, and cannot now be found. 

Prebiatorie. —The prehistoric d^osits, as already said, have in inany oases 
not yet been satisfactorily separated from the pleistocene, and the vety local 
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odNDtfnrenoe of veriebisto retnama in the fomer renders th» point of donH one 
Hkeij to be soon eleared np. old aUnvial deposit in whiidi bonee of only 
/ISving TnaTwmals oocor is here provieionally referred to the prehistorio, 

Hnman remains and neoliiduo implements have been obtained in the alln- 
vinm of the plains in many localities, and hrequently at considerable distances 
below the surface; the fearner are generally very imperfectly preserved and have 
never been carefully examined. Polished celts are extremely abundant in many 
places, and particularly in Burma and the Banda district of the North-West Pro¬ 
vinces. The prevailing types are elongated forms with oval section, wedges, and 
the shouldered ” form. Among the mammals specimens of the teeth and jaws 
of Mameus rhesus from the alluvinm and turbary of Goalp4ra, in Assam, and 
horn Madras are exhiMted in the Indian Museum, those from the former 
distriot being in a highly mineralised condition. Molars of the Indian elephant 
occur at considerable depths in the alluvium of the plains and of Burma. A 
last upper molar of Mhinoeeros indieus, in the Indiah Musemn, was obtained 
from the turbaiy of Madras, and indicates the former extensive range of this 
species. It may he observed, in passing, that the range of the other species of 
Bhinoceros was probably maoh more extensive than at present, even in the 
historib period, becanse it has been inferred that the species killed by Akbar 
on the banks of the Indus was B. javameus (Sondmeus), this inferences being 
founded on the izaprobability of its being possible to kill B. mdicus by means of 
arrows, with which Akhar's animals were destroyed. Bus mdicus has also been 
obtained from the turbaries of Madras and Calcutta. Antlers, hom-oores, and 
teeth of nndetennined spemes of Bos and Oervus have been obtained from the 
alluvium of various districts in the plains, and from raised beaches in Eattiawhr; 
some of tibe latter deposits being probably in part of pleistocene age. 

General .—Of the mammalia as a whole it may be observed that those of the 
pliocene are characterised by the great number of forms belonging to the orders 
which include animals of large corporeal hulk. Another noticeable point is the 
admixture of genera oharact8ristio«of modem Africa {Si^popotatms, Oamelo- 


pardedis) and other parts of the old world (Bos, Oapra, Ursus, Eqwis, etc.) ; of 
oligocene, miooene, and pliocene Europe (Binofkeriim, Anihracotherium, Hippo- 
theritmif etc.) with those now peculiar to Asia {EuCl^haSf Bhinoceros [in its restrict- 
ed sense) etc.}. Among orders which have now diminished extensively in numbers 
in India, the Frohosoidia stands pre>eminent, its fourteen Siwalik representatives 
Imtdng imv dwindled to one, Tfae perrissodaotylate Ungulata have aim diminished 
^i^^ol^detahly, the nmdem forms lai^hiiing India and the adjaemt countries being 


I ^f^ttnd tlm exinciet eleven or twelve. The artiodacfylate modification has perhaps 
atirill mere serious diisdiiution, especially amox^ tbs pig-Eke animals, in 
' Wrbcufii the 'W'ht^'Cd the aelexmdi^t group like Merycojpotemm ahd SyopetAtnus 
has oomplet^ disappear wlt^t th^ congener, the hij^potamus, is now ooh- 
^ to Indil^iaiff^^ and the dimina%s terai facg (Pomukt) 

, The ramnaaixts ’have lost tl^ laager 


eSsihShi^^ am considered to be allied to Eouth 

If) V fom whBe 0*^^ aiWys 
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been exclnsirdy Indian (P&rtaaB). Tlte dlmintition in nttmbers of the nuninants 
cannot be cleaiiy indicated owing tp the numbers of snudl fbnns now existing 
when analogues cannot be dbteimuzied in the Siwaliks. Sinularlj, owing to the 
poverty of the remabas of the other ordean^ and of the almi^ total absence of the 
niicro«mammalia, comparisons cannot be instituted between the numbers of the 
recent and ftnssil species, but enough has been indicated to show that modem 
India has only the impoverished remains of a once extensive fauna of mighty 
forms. Begarding the range in apace of the Siwalik fauna, it is probable that this 
was once very extensive, as we find some of the species rang^g as far as China 
and Japan, and it has even been suggested that one speoira (Hycenarctos sivalensis) 
occurs in the pliocene of England. Bepresentatives of some of the other common 
Siwalik or Indi^ genera, although considered to he specifically distinct, have also 
been obtained i^m China (e.g., Ohalieotherium, Rhinoceros, Tapirus, and Hyoma). 
It may also be observed that the mammals from Sind belong mainly to European 
oligocene and miocene genera, while those from the Panjib shoiiir a mixture of 
miocene, pliocene, and existing genera; the two latter prevailing more extensively, 
as we proceed eastward along the Sub-Himalaya. The high degree of evolution 
or specialisation of many of the genera is a marked feature, and one strongly con> 
firmative of their pliocene age. Thus, it may he noticed that the rhinoceroses had 
high-crowned molars, and that in one form the incisors were absent and two horns 
present; while some of the horses had reduced their digits to one on each limb. 
The ^igs had well-developed tusks, the deer large branching antlers, the oven 
wide-spreading horns, and the cate (Machairodus) huge trenchant :&ings. 

In the pleistocene the majority of r the larger forms had disappeared, though 
a few of the extinct genera and species still lingered on. Many of the airiirtiTig 
species were already in existence, on were represented by closely allied forms. 
Palaeontological history is, however, still silent as to the origin of some of the 
larger existing mammals, like the Indian* elSphant. Some new forms (e.g.. Bos 
namadicua), which cannot be dirtily traced back to pliocene ancestors, seem to 
have appeared and to have died out again beftre the prehistoric.* 

In the latter period all the mammas seem to belong to existing species, 
although the range in space of some of them was mole extensive than at present. 


SYSTEMATIC CHBONOLOGICAL LIST OF SPECIES. 

A.»ANTHBOPOZOIC. 


MAMMALIA . 

. PUIULISB 

JPniHISTOBIO. 

, . Homo (? sapiens, Inn.jb 


PaoBOsomu 

nxsnmXA 

i 

Miaosens rhesni (F. Ctw.). 

. '.' Saele^iBS indicQS, Liimd. 

. b Bhinooeros indicns, CuTku*. 

...Bus indionct, Ora;. 

CsrvuB, sp. 

EEFEILU . 

‘ ' 

, CaxiumA ' 

", Baa,fp. 

, . Om, SON 
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ItAUMALIA . 

. Pbikatw . 

i.-.-Pl.BISTOOBlrB. 

. . Homo, Bp. 


Semnopitheetifl, Bp. 

HrsoB tamadkoB, F. ft G. 

Hyena, sp. 


Pbobosoidu 

Felia (P tigria, Lin.). 

. . Enelepbaa namadicna, F. ft CL 


VSQVJMX 

Stegodon ganeaa, F. ft C. 

(P) - inaignia, F. ft C. 

Maatodon pandionia, Fala. 

. , Bhinoceroa deccanenaia, Foote. 



— — — indicna, Cuv. 

■.- —namadicna, F. & C. 


Rodbhtia 

...«P- 

Equns namadictw, F. ft C. 

Hippotherinm, (p. 

Sua giganteos, F. & C. 

Cervna (P dnvancelli. Cor,). 

Bnbalna paleindicna, F. ft C. 

Boa namadicna, F. ft C. 

Leptoboa frazeri, Bdt. 

Portax namadicna, Bdt. 

Antilope cerricapra, Palloa. 

Pantholopa (P) haDdeaienaiB, Lyd. 

Capra, ap, 

0^8* (?) 

. . Una, Bp. 

BEPTILIA 

. CBOOOOmA 

. . Crooodilns, (?) ap. 


ChuiObia 

. . Fangabnra tectum (Boll). 



Bbtagnr (? dbongoko, Blytb). 

■ 


Trionyx (P gangetioua,Ca;v.). 

B.--THERIOZOIC. ^ 

• 

a.-^PliIOOEKX *. ' 

MAMaiALlA . 

. FbikaxAi . 

’ • Palaeopitbectia aivalenaiB, Lyd. 


Cabbiyoba 

Hacacna aivalenria, Lyd. 

Semnoptbeoiu (F) anb-himalayaana^ Myr. 

Felia ciittata, F. ft C. 


Maebairodiu sirakaflii, F. ft C. 
Paeudoliiras nralenids, F. ft C. 
Ictitherittm Bivalasie^ Lyd. 
Yiverra bukeri, Bo««. 

Hy«u nvalenaii, F. ft C. 

Cania enrnpaktvt* Bom. 

■—r oautleyi, BoM. 
t Anjpliitgnn pal|Bindic«iv ^7^ 
VjWM, spb 

^ Tht fomt^lliv wUeT pHooe&e m nuiud ■ onwi (f]. 
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MaMMALIA . . Cjjuovoba . Hyamaarctos sivalenda P. * C* 

• . ..palanodloa«> Lyd. 

.Hfdlivora nvalensis, F. A C. 

Melet, ap. 

Lntn palffiindica, F. A C. 

- ap, 

Enbydriodon rivaleoaia, F. & C. 
PBOBOBOmu . Suelepbaa hjandricn^ F. ds C. 

Lozodon planifro&B, F. & C. 

Stegodon ganesa, F. A C. 

. inaignia, F. & C. 

—-bombifrona^ F. & 0. 

" " ■ ■" clifti, F. & C. 
f Mastodon latideua, Clift. 

-- - aivalenaia, F. & C, 

^ -- perimenaia, F. & C, 

t - .— pandionia, Falc. 

t — falconeri,Lyd. 
t Dinotberium rindiense, Lyd. 

^-pentapotamiaa, Falc. 

--indicnm, Palo. 

UkQITUIA . t ChaUcotherinm aivalenae, F. & C. 

Bhinoceroa paleamdicua, F, ft C. 

■ . platjrhiaiu. F. & C. 

^ - aivalenaia, P. ft C. 

f Acerothennm perimenie, F. & C. 
Liatriodon pentapotamiaa, Falc. 

, - . . theobaldi, Lyd. 

(?) Tapiroa ap. 

Eqnna aivalenaia, F. ft C. 

• —— namadicuB, P, ft C. 

Hippotherinm antilopinam, F. ft C. 

— " theobaldi, Lyd. 
Hippopotamna iravatioos, F. ft C. 

. I j ■ ■ aivalenaia, F. ft C. 
Tetraconodon magnum, Falc. 

Sua gigantena, ^ ft 0. 
f mm hyandricua, F & C. 

— pnnjabimiaia, Lyd. 

Hippohyna aivalenaia, F. ft C. 
-' Bp. 

Sanitheriom achUgintvdti, Myr, 
f Hyotberium aindienae, Lyd. 
t Anthiacotberinm aUlatrenae (Poit). 

— -—-byopotamoidea, Lyd. 

t Hyopotamna palsii^cns, Lyd. 

f - . — gigantena, Lyd. 

Meiycopotamna dildmiUai, F. ft (X 
Chceromeryz ailiatrenabl (Pent), 
ij* fi^imeryz blanfordi, Lyd. 
t &,ynmerjx aindien^, Lyd. 
f Agriocbcerna, (?) ap. 

Cerma triplidena, Lyd. 
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MAHMALIA . 


AT£S . 


S&PTILU 


. Uvotnua'A 


BoDinrru 


EOBST 4 TA 

. Cabutatw 


Bazitjb . 


. CaocxNDixu 


lacnvcmi 
Qraipu . 

CSlXdlKIA 


. . Cerra? rim^oidau, L;d. 

. . (P) latideu, Lyd. 

Doroatberiom Lyd. 

-— — miniu, Lyd. 

PropalsBomeiyz siTalenaii, Lyd. 
Camdopardalis aivalenris, F, & C. 
HeUadotberium dnyernoyi. Wag'. 
Viabnaiheriain iraTatioum» Lyd. 
Hydaspitberium grande^ Lyd. 

- .—■ megaeepbaliim, Lyd. 

Sivatberiam gigantenm, F. & C. 
Antilope (P Damalis) palelndica, F. A C. 
■ I - patnlicomia, Lyd. 

-III.' — (P Oazella) porrocticorni^ Lyd. 

- ' UTiilensis, Lyd. 

Falnoryx, (P) ap. 

Fortax, ap. ^ 

Hemiboa occSpit^, Falc. 

- I ""—— i acntioornis, Falc. 

-- antilopinua, Falc. 

Leptoboa falconeri. But. 

Bubalna platycoroa, Lyd. 

•- palsindicuB, F, A C. 

Biaon aivalenata, Falc. 

Boa acntifroiia. Lyd. 

——- planifrona, Lyd. 

- (P) plaiyrbinua* Lyd, 

BaciqiTa davieri, Rut. 

Capra (P Hemitragua) aivalenais, Lyd. 

perimenaia, Lyd. 

——4- ap. 

Ovia, (P) ap. 

Tragoltia riralenaia, Lyd. 

CaondoB aivaleuna, F. A C. 

. n . <Wuaj ap. 

BluzomyB dfalenda, Lyd. 

Hyatrix aivalenaia, Lyd. 

. . t Mania aindienaia. Lyd. 

. . Gracnloa, (P) ap. 

Pelecanua caatlqrl> 

■ —.— - (P) aivalenaia, Dav. 

MegaloacelomiB dvalenaia, Lyd. 

t—- (P),p. 

Argala falconeri, M. Ed. 

. . S^tbio aaiationa, M. Ed. 

Dromaana aivalenaia, Lyd. 

Gba. noa det. 

. . Crooodibia, {Mlnatria, Laaa. 

Cbarialia gangcticna, Gmel. 

. leptodna, F. A C. 

f .. I,! - , enwaidena, F. A C. 

. . Vanmaa aivabnaia, Fak. 

. . t Flython (P noluroa, Lis.). 

, . Oolcaaocbelyi atlaa, F. A C. 
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BEFi’lLIA 


PISCES . 


MAMMALIA 

MAMMALIA 
REPTILIA 
AMPHIBIA 
PISCES . 


BEPTILIA 


PISCES . 


Lydbkk|® : Symptia of tko Fossil Vertebrate ^ India. 


. Chbi^iiiu 


. ElABHOBBAHOHlt 
TUiBOSXBI 


. Tettudo (?) 6, sp. 

Bellia draleniis, Theo. 
- sp. 

Danonia hamiltoni, Qray. 
Ernya, ep. 

Cantleya annuliger, Theo. 
Paagshara tectum (Bell), 
t Batagur, sp. 
t Trionyx, ap. 

Emyda vittata, Pet. 

. Caroharias, ap. 

Lamna, sp. 

. Bagarias yarrelli, Syk. 
Arias, sp. 

Qen. non. dst. 


h .—Miooini. 

. Ukopiaxa . . Rhinoceros sivaleiisis v. gajensisj Lyd. 


e.—E oobnb. 


. UKauiACA. 

. Cbocodixu 
Chbiobia 
. Ahoitba 

. EuaHOBBAHOHII 
TBIiBOeXBI 


. (?) Pnloiotherium, sp. 

Artiodactyle, gen. non del. 

. Oen. non dei, 

. Hydraspis leithi, Carter. 

. Ozyglossns pusillus, Owen. 

-(?) sp. 

. Myliobatis, sp, 

. Diodon foleyi, Lyd. 
Capitodus indicns, Lyd. 
Qen. non del. 


CbooosHiIA 
Chblohia 
loKTHTosatrata. 
Eiabxobbibohii 


C.—SACBOZOIC. 
a.—CBBXAOBOrS. 

, DnroBAimu . . Megalcaaurus, sp. 

l^tanosaurus blanfordi, Lyd. 
———in^icuB, Lyd. 
Gen. non del. 

Gen. non del. 

Gen. non del. 

IchthyosaaruB indicna, Lyd. 
Corax incisus. Eg. 

. pristodontna, 

Bnohodos serratua, Bg. 
Lanma complanata. Eg, 

—sigmoides, Eg^ 
Odontasins constnctoa. Eg. 

-oxypeion, Eg. 

OtodoB hasalis. Eg. 

divergens. Eg. 

. niarginatas, Eg. 

. mintttns, Eg. 
nanns, Eg. 

. Beiini>lica(tiaa. Ek. 
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flSCBS 


EiiASKOBBAHOhii OxyrMna triangolarto, Eg. 

-»p. 

Ftychodns latianmu, Ag. 
Spbyrtenodai, (?), ip. 

Oijroisax Fycnodns (P), sp. 


BEPTILIA 


AMPHIBIA . 


PISCES . 


Jmaa-TBUS. 


. DixroBavBU 

CBOdODHOA 


Laobbtilia 
HiarsoDOVTik . 

PlBSIOSAirBlA . 
LABTBnrXHODOHTXA 


Qaboidbi 


Ankistndon indieoBi Hnz. 

Gen. MOM dei. (Chari gp.). 
Paraanchns hialopi, Hnx. Maa. 
Gen. MOM det. (Bewab.). 
Hjperodapedon bnxl^i, Lyd. 
Dicynodon orientaliB, Hox. 

-ap. 

PlMiosanrna indicua, Lyd. 
Bracbyopa laticepa, Owen. 
Gonioglyptna loDgiroatria, Hus. 

- - .husleyi, Lyd. 

Glyptognathua fragilia, Lyd. 
I^hygonia incurvata, Hux. 
Arcbegoaanrna, (P), ap. 

Gen. MOM det, 

Ceratodua * hialopianna. Old. 

' hunterianoa. Old. 

.. virapa. Old, 

Lapediua egertoni, Syk. 
Lepidotna brericepa. Eg. 

■■ - — • calcaratna. Eg. 

' ■ deccanenua. Eg. 

—-^1- longicepa. Eg. 

- pachylepia, Eg. 

Tetragonoiepia analia, Eg. 

oldbami. Eg. 

. . . — — rngoaua. Eg. 

Gen. non det. 


, . B.—ICHTHT020IC. 

Cabbobibbboitb. 

PISCES . . . Gaboibu . . . SigmodoB dabina, Waag. 

PoecUoduB paradoxua, Waag. 

Ptephodua indicua, Waag. 

Sauricbibya indicua (P), Oe Kon. 
SbabkobbabohsT Helodopria elongata, Waag. 

- . ' " ■ abbreriata, Waag. 

Paammodua, ap. 

Petalorbyncbua indicua, Waag. 

XyatracanthuB graoilia, Waag. 

— - -- major, Waag. 

' -giganteua, Waag. 

Thaumatacantbua blanfordi, Waag. 

Acrodua flemingi, De Kon. 

■5 - 

. 1 Fcllonfng Pro f eia or HUH <** eP the Simoid and Crwaoptaiyaihin Gaodda, “ PaliKmtcgra^eal 

Social, the enter IXpaol U margad ml'di the Ganoidel. 
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ALPHABETICAL AND SYNOPTICAL LIST OP SPECIES, 
ARRANGED IN CLASSES^ 

C1.A88 I.—PISCES. 


Acnodas flemin^, De Eon. 

-- Bp. 

Arint 

t BagnriaB jrarrelli, Sjkes 

JNmeloduf hagarku, 
Capitodna indicns, Ljd. 
Carebarias, ap. . 

Ceratodna hialopianua. Old. 

■ . - hnnterianiiB, Old. 

-virapa, Old. 

Corax ineiana, Ei^. 

— ■ priatodontna, Ag. 

Dapedina egertoni, Syk. 
lEodon foleyi, Lyd. . 

Encbodua aerratna. Eg. 
a Helodopaia abbreviate, Waag. 

. . — ■ ■ elongata, Waag. 

Lamna complannta. Eg. 

— . aigmoidea. Eg. 

Lepidotoa brevicepa, Eg. 

■ -- calcoratoa. Eg. 

■ - decoanenaia. Eg. 

. lonpcepa, Eg. 

--pacbylepia, Eg. 

Myliobatia, ap. . 

Odontaapis cooatrietaa, Eg. 

--oxypeion, Eg. 

Otodna baealia, Eg. . 

- - divergena. Eg. 

■ ' marginatoB, Eg. 

—— mumtoB, Eg. 

nanna, %. . 

-- aemiplioatna, Eg. 

Oxyrbina ttiangnlaria, Eg. 

■ ap. 


Syk. 


Petalorhynohna indiona, Waag. 
Poecilodna paradoxus, Waag. 
Paammodoa, ap. . 
PaephodoB indieoa, Waag. . 
Ptyohodoa latiaaimua, Ag. . 

P^onodna, (?) qp. 

Batunebthya indicna (P), De Kon. 
* Sigmodna dnblna, Waag. . 
SphynenodoB, (?) ap, ' 


Salt>range 

• 

Panjdb and Sind 
Sub-Himalaya 


Panjab 

Burma 

Malcri 


nd 


Trichinopoli 
Trichinopoli a: 

Europe 
Kota 

Rdmri and Andamana 
Trichinopoli 
Salt-range 

Trichinopoli 


Burma 

Kota 


Faiijab 
Trichiuopoli 


» 

» 

n 


Salt-range 

»» 


Trichinopoli and 
Europe 
Trichinopoli 
Salt-range 
• 

Laineta gp. 


Oarboniferooa. 

if 

Pliocene. 

Higher pliocene. 

Eocene. 

Higher pliocene. 
Trias-jura. 

»» 

Cretaceous. 


Trias'jura. 

Eocene. 

Cretaceoua. 

Carboniferoua. 

9 > 

Cretaceous. 

Higher pliocene. 
Triaa-jura. 


if 

if 

Eocene. 

Cretaceoua. 

if 


if 

ft 

>» 

»» 

9f 

if 

Carboniferous. 

ft 

ft 

ft 

Cretaceoua. 

ft 

Carboniferous. 

n 

Cretaceoua. 


< Synoayma (of which only the more important are given) are in italica; living spaoiea are indicated by a double 
eRNW ($), ud ioa^ gmeia peculiar tolndia or Burma by an asterisk (*). 
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7etragonolepia aaaHs, Eg. 

. Kota 

IHas-jura. 


• W an* 

%> 

—- mgosua. Eg. .... 

• W • • • 


* Tbaomataoanlibna blanfordi, Waag. 

. Salt-range 

Caiboniferooa. 

Xystracanthna giganteua, Waag. 

• »y • • • 


" ' gradlia, Waag. . 

• »» ■ • • 

n 

' ..miyor, Waag. 

• » • • • 

n 

Clabs 11.— 

-AMPHIBIA. 


Arcb^oaaurus, (F) sp. 

. Bijori gp. 

Triaa-jnm. 

* Bracbyopa laticepa, Owen. 

Mangli 

n 

* Olyptognatbus fragilis, Lyd. 

. Pancbet gp. . 

$w 

* Gonioglyptoa bnxleyi, Lyd. 



• ... longiroatris, Hux. . 

a •* • • • 

• It 

OxygloBSUS pnaillua, Owen 

. Bombay . 

Eocene. 

{Sana pnsitla, Owen). 

• 


(P) BP.. 



* Facbygonia incurvata, Hux. 

Pancbet gp. . 

Trias-jura. 

Class III.— 

-REPTILIA. 


* Ankbirodon indicns, Hux..... 

. Pancbet gp. . 

Trias-jura. 

} Batagur (P dfaonkoka, Blytb) 

Narbada 

Pleistocene. 

Bellia aiTalensis, Tbco. .... 

. Panjdb . 

Higher pliocene. 

a ^ • * • 

• *f 

II 

* Cautleya annuliger, Tbeo. 


IP 

* Coloaaoobelya atlas, F. & C. 

. Sub-Himalaya and 



Burma 

IP 

1 Grooodilna palnstris. Less. .... 

. Sub-Himalaya and 

Higher pliocene and 

(C. hombifrmu, Gray.) 

(P) Narbada. 

(P) pleistocene. 

t Damonia bamiltoni. Gray .... 

.' Sub-Himalaya 

Higher pliocene. 


{Smyt hamiltonoidM, Falc.) 

{Damonia h(Lmili<moide»,,Wt^.) 

Dicynodon orieutalis, Hux. .... Pancbet gp. . Triaa-jm*. 

{Ptyehogncethiu orimtaHt, Hbx.) 

J Emyda Petm , ^ . Sub^Himalaya, &c. . Higher pliocene. 

{E. rnglonmait, Oraj.) 

Emya, ap.. ■> - » 

{ Oharialia craaeidena, F. & C. . . . . Sub-Himalaya and 

{Oroeodihu erattident, F. & C.) Sind . . . Pliocene. 

(Lepiorhffnehut erattidens, F. & C.) 

^ ■ .. I — ., 1 . gangetiicoa, Gmd. .... Sub-Himalaya, Burma, 

{Li^ptorh/j^chiu ^oapaticaa, Omel.) ^d, and Paodm, „ 

— leptodua, F. & C. Sub-Himalaya, Burma, 

{L^torhffmikv* l^iodm, F. & C.) Sind, and Ferim . „ 

Hydraspia Idtbi, Carter ..... Bombay. . BoooDe. 

- {Te^do Ze£/jU,.Carter.) 

Hyperodapedon bnxleyi, Lyd.Maleri -and - South 

. Eewd . . . Triaa^jor*. 

' Iti^yoMmrmijiiidB^, Lyd.. . ^ebinopoli . '. Cretaoeoua. 

• . . i . TriebinopoH and 

' '■ * " Lameta gp. . „ 

. . Sub-Hima^ya and H%h« pliocene and 

" Harbada. _ pldstoseaifc 
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* Panunichoa bi^bpi, Hu. 

. Maleri . 

a 

Trbs>jimi, 

{^)» *P' » . • • • 

. Denwa gp. 

• 

» 

PlesioBanras indicos, Lyd. 

. Umia gp. 

• 

Jnra. 

{ Python (P molnros, Lin.) .... 

. Panjkb and Sind 

« 

Pliocene. 

Teitado, «p. var. ..... 

. Sub-Himnbya 

• 

Higher plioeene. 

* ntanonaroB bknfordi, Lyd. 

Lameta gp. 

a 

ChretaeeoQS. 

" ' indicuR, Lyd. 

• IS 


*» 

} Trionyk (P gangeticn*, Cut.) 

. Narbada 

< 

Pleistocene. 

-- ■ Bp.. 

. Snb'Him^ya 


Higher pliocene. 

Varaniu nralenBid, P. & C. 

• »9 



Class IV.- 

-AVE8. 



Argab fsloonm, M. Ed. 

. Sab*Himalaya 

a 

Higher pliocene. 

(hqtfqpUUu /alconeri [U. Ed.] ) 




Dromcras sivalensia, Lyd. 

• SS 

• 


Gracdlns (?), sp. . . . 

• » 

a 

»» 

Megaloscelornis aiTRlensia, Lyd. . 

• ss 

a 

99 

PolecanoB cautbyi, Dav. 

• *9 

• 

99 

—— - (P) BivabnaiB, Dav. , 

• »» 

a 

99 

Strnthb aBiaticns, M. Ed. 

• 99 

« 

n 

(S. palamd4eiu. Fide.) 




Class V.—MAMMALIA. 



Acerotberinm perunenBe, F. & C. 

. Fai\ifib,Bnnnii,Perhn, 


{EMnoewot iravaikui, Lyd.) 

(- perimenm, P. A C.) 

(- pUaMetu, Lyd.) 

and Sind 

• 

Pliocene. 

Agriochoarus (?). 

. Sind 

• 

Earlier pliocene. 

Amphioyon palsBindiciu, Lyd. . . * . 

. Panjab and Sind 

s 

Pliocene. 

Anthiacotherinm hyopotamoidet, Lyd. 

. Bhdgti lulb . 

a 

Earher plkoenew 


, Sind, Giro hills, and 

{Chisromeryx tiUtirmns, Pent.) 

Pai\j4b . 

m 

99 

{Shagatheriumi tindienH, Lyd.) 

(.d. piMi/aiwiMe, Lyd.) 

• 



X Antiiope oervicapra, Pallas] 

. Jamna , !>• 

• 

Pbistioceiie. 

(A, hetoarotioa. Aid.) 

. Sub'Himabya 

• 

Higher pliocene. 

(Damalit (P) paltaindiea, F. & C.) 

• »f 


99 


• »s 

• 

99 

{QxxMa (?) porrwtieoniiu, Lyd.) 




Bison dvalensis, Falc. .... 

• 9f 


99 

Bos aentifrons, Lyd. 

• 99 

s 

99 

— namadions, F. & C. . 

. Narbada, Ad. 

• 

Pleistoceue. 

«— planiftrons, F. & 6. . < . . 

. Sub-Himabya 

i 

Higher pliocene. 

— platyrbhuis, Lyd. .... 

• •> 


99 

— (?) sp. . » 

. Perim . 


b9 

* Bmnmtbnriwtw perimmse^ Falo. . . . 

i U • * ' 

s 

>9 

(Sivatkeritm, ap.* Oiren.) 

■ 



Bnbalns palsindbnst F. A 0. . . '. 

. Stdi-Bhuabys, Bar* 

Hi^wr pliocene and 


bada, Ae. 


pbiseooeae. 

..- pbtyoeroB, Lyd.'^ . ' . . . ‘ 

. Sub^Hbubya 

s 

Higher pliocene. 

(fi. tivedetuii, Bdi) 
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* Baeapm dftviesi, Bfit. .... 

• 

Sub-Himalaya 

Higher pliocene. 

Omtelopardalifl Binlensia, P. AC, . 

• 

Snb-Bimalaya and 


(C. F. & C.) 


Perim 

99 

Oimeliu rimleiuUi, F. & C. 

• 

Sub-Himalaya 


Canu caatle^i, Bobs. .... 

• 

$» • 

*» 

— oarTipalataB, Bose. 

• 

»» * 

»» 

Capra peridiennB, Lyd. .... 

• 

Perim . 

99 

—— BivalenBiB. Lyd. 

• 

Sub-Himalaya . 

99 

(Memitraffus rimlmuu, l^d.) 

9p« * • • * 


•» • 

99 

Bp* ••*••• 


Tibet . 

Pleistocene (?). 

} Cervus (? davancelli, Cut.) . . 


Narbada 

99 

■ (?) latidens, Lyd. . . ... 


Sub-Himalaya 

Higher pliocene. 

—— Blmplicideng, Lyd. 


»» • 

*9 

.— giTulePBia, Lyd. .... 


f» • 

99 

■'■i' tripltdenB. Lyd. .... 


$» ♦' 

99 

Chalicotlieriam (dvalense, F. & C. 


Sub-Himalaya and 


(Anoplotherivm tivaletue, F. & G.) 


Sind . 

Pliooene. 

(Nettoritherivm tivalente, Wng.) 

Cboerpmeryx BilistrensiB, Pent. 

• 

Gdro biUa 

Higher pliocene. 

{Anthraeotherium aJMArmat, Pent.) 

Dinotherinm iadicnm, F. & C. . 

• 

Bapjdb and Perim . 

99 


• 

Papjdb, Kdch, and 
Sind . 

Pliooene. 


• 

ff • 

99 

Doicatbeiimn majas, Lyd. 

• 

Paiydb 

Higher-pliocene. 

. (Mer^opotamm wimut, Falc.) 

.— minus, Lyd. 

. 

>» • • 

It 

• Enhydriodon ferbz, F. & C. . . 

. 

Sub-Himalaya 

99 

{E, tioaleiuis, F. & 0.) 

{Amjfxodon, F. A C.) 


• 


EqnuB namadiouB, F. & C. . 

• 

Sub-Himalaya and 


(E, paletowu, F. A C.) 


Narbada 

Higher pli«M»ine 
and pleistocene. 

— .uvalfflins, F. & C. . . . • . 

• 

Sub-Himalaya and 
(?) Perim 

Higher pliocene. 

t EnelephuB indiouB, Lin. .... 

« 

Plains and Burma . 

Prehistoric. 

(Elepkat indicm, Lin.) 

.. ■ hyBadriooB, F. & C. . . 

(Elliot hgtudrunu, F. A C.) 

• 

Sub-Himalaya 

Higher pliocene. 

{Slephat lumadiau, F. A C.) 

• 

Narbada, 4bc. . 

Fleistooene. 

Felis cristata, F. & C. , . . 

• 

Sub-Himalaya 

Higher pliocene. 

(F*. graitdieriHata, Bose.) 

(F. pedaoUjfrit, F. & C.) 

{Uneia eritfoto, Cope.) 

Bp* ' • ’ • • • « • • 

. 

»» • 

99 

{ •«—— (? tigris, Ida.) ..... 

. 

Jamna and Narbada . 

Pleistocene. . 

BeiladoUimrinm dinromoyi. Wag. ' f . 

* 

Sub-Himalaya 

Higher pliooene. 

'•a Sj^bbaAfixitiienrnjB, F. 4b C. . . 

(4ti^i&>Mmmtieormt,P,AC^ 

• 

n • 

H 

k.i AMrfieof^, Ftks.) 

' ; '-v ' ' .{dipbitWihw F* A C.) 

• 

t$ • 

99 
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Hemibog oocipUalifl, Fdc. .... Snb-HimalayR. . Higher pliocene. 

(AT. Mgmefrieerot, F. & C.) 

(So* oeeipiiitU*, Falc.) 

(Iriptoiot triqtutricomit, Falc.) 

{Piriboa oceipitalia, Ljd.) 

{^Probvibahu iriqitetrieormt, Bilt.) 


* Hemimeryx blanfordi, Lyd. 

• 

• 

Sind 

* 

Earlier pliocene. 

Hippopotamus iravaticus, F. & C. 

4 

. 

Sub-Himalaya and 



{^Sexaprotodon iravatieiu, F. & C.) 


Burma 

• 

Higher pliocene. 

..... paltBindicuB, F. & C. 

• 

• 

Narbada, &c. 

. 

Pleutooene. 

(Sexaproiodon namadiem, F. & C.) 
{Hippopoiamut namadicua, F. & C.) 





(Tetraprotodon paUaindieua, F. 

dbC.) 





' sivaleosis, F. & C.) 

• 


Sub-Himalaya 

. 

Higher pliocene. 

{Sexaproiodon aivalenaia, F. & C.) 





* Hippohyns sivalensis, F. dt C. 

■ 

• 

*> 

a 

»» 

• • • • 

• 

. 

Al 

• 

I* 

Hippotherium antilopinum, F. & C. 

. 


Sub-Himalaya and 



{Sqmu antilopinua, F. & Cl.) 
(H. pradle, Myr.) 



Perim 

• 

9* 


• 


Burma, Perim, and 


{Sixalhippna theohaldi, Lyd.) 
(H. graeile, Myr.) 



Sub-Himalaya 

• 

f* 

BPa • • • a 



Tibet 


Pleistocene (?). 

* Hydaspitberium grande, Lyd. 



Sub-Himalaya 


Higher pliocene. 

— -.-...megacephalam, Lyd. . 



SI 


9» 

{S. leptognathua, Lyd.) 






Hysna sivalensiB, F. & C. . 




a 

f 

{Safelina^ Bose.) 

? Bp* • • • ^ 

s 


Tibet 


Pleistocene (P). 

ByEenarctoB sividensiB, F. & C. 

• 


Sub-Himalaya and 


( Vraua aivalenaia, F. & C.) 



Panjib 

• 

Higher pliocene. 

'■ " pakBindicns, Lyd. 

(P Sinoegon.) 

e 


Fanjib . 

Bhdgti hills . 

• 

»P 

Hyopotamns giganteuB, Lyd. . 

* 

• 


Earlier pliocene. 

. palseindicuB, Lyd. 

a 


Sind . 

• 


Hyotherimn aindlense, Lyd. 

• 


,, >. . 

« 

»l 

Hystrix sivalensiB, Lyd. . . . 


a 

Sub-Himalaya 


Higher pliocene. 

lotitberium nvalense, Lyd. 


« 

Paujib . 

• 

99 

Leptobos fakoneri, RQt. 



Sub-Himalaya 


99 


• 

s 

Narbada 


Pleistocene. 

ListtiodoD pentapotamiaB^ Falo. 

• 

• 

Fanjib 

a 

Higher pliocene. 

{Tt^irua pentapotamia, Falo.) 

s 

a 

»» • 

• 

99 

Loxodon planifrons, F. & C. 

• 

• 

Sub-Himalaya 

a 

99 

{Elephas plamfrona, F. db C.) 






} Maoacus rhesua, F. Car. . 

a 

• 

Plains . . 

e 

Prehistoric. 

—Biralenria Lyd. . 

a 

a 

Sub-Himalaya 

* 

Higher pliocene. 

Madhairodns Bivalensia F. db C. . 

a 

a 

n 

* 

99 

{U.faUonori, PomeL) 

(If. palainddona, F. db 0.) 






{I>repemodon sfoolsnm, F. & C.) 




Earlier pliocene. 

ManiB siadieniiiB, Lyd, . . . 

• 

a 

Sind 

• 







n 
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MMtodon faleonerit Lyd> • 

..- latidens, Clift. . 

(Jf. tlaphanioidetf CUft.) 


pBiidi(mia> Falc. . 
periimenBie, F. & C. 


.. ' riv^Bsis, F. & C. 

Melee, ep. ...... 

MeUiTOianvaleneie, F. & C. 

{UrriUueua nmUensis, F. & C.) 

* Merycopotamue dissimilis, F. & C. . 

(AT. Hvaleniu, F. & G.) 
^Sippopotanuis dusimilis, F. & C.) 
Mub, ep.. 


—. sp. . . . . 

Ovis, (P)8p. 

-,(?)•?* ' • 

* Paleopithecns Bivaleniis, Lyd. 

Falffioryx, (P)8p. 

PalBBotheriatu, (P) Bp. 

Pantliobpa, (P) hundeeienBiB, Lyd 
Portax oamAdicoB, Rdt, 

■ — sp. . ■ • 

Propabeomeiyx eivaleneiB, Lyd. 
Paeadffilunu nTalrauM, Lyd. 
EhinoceiOB depcanensiB, Foote. 

J .. I iodicoB, Ouv. 


Patijdb & ^nd 
Sab>Hin«layB» Bur* 
ma^ Panjab, and 
Sihd . 

9ub«Hima]aya, Sind, 
Padn, and Deccan. 
Sab-Himalaya, Sind, 
and Perim . 
Snb-Bimalaya 
Panjfib 

99 • • 

% 

Bnb-Himalaya and 
Burma 

Snb-Himalaya 
Narbada 
Sub-Himalaya 
Tibet . 

Panj&b . 

*» • • • 

Tibet 

Narbada, dte. . 
Fanj^b . 

Sub-Himalaya 
Panjdb . 

Madras . 

Madras and Narbada 


namadicuB, F. & C. 
paleindicuB, F. & C. 
BivaienBU, F. & C. 


. . . Tar. g^ensiB, Lyd. 

Rhizomys uTalennlB, Lyd. . 

((P) Ijgpholoion,Teiis.) 
0 Sanitherinin achlagintweiti, Myr. 

(Sm piuiUus, Falc.) 

Semnopithecns Bub-bimalayanili^ Myr. . 

. .. . 0pb • a a • 




(|p^ • * a • 

SlTatneiyx duxdienBis, Lyd. '. 

* SiTatberium gigantenni, F. & C. . 
Stsgodon bombifroBB, F. & G. . , 

(8. erjeatoK*, 0««n.) 
0Ufheu hombi/^oiu, F. & <?•) 
bliite* F. A C. . 

(AfjiManSf Owen.)’*'"-'?" , 

'<,■> / . olifH, F. 4 C.)' 

■ vijiiiiii &■€. . 

vii'i: ' ' i&imhot gatuia, F. 4 C.)... 


.« Narbada 
Sub-Himalaya 
. Sub-Himalaya and 
Sind . , . 

. Sind 

Pauj&b . . 

. Sub-Himalaya and 
Patg&b 

. Sub-Himalaya. 

• »» • • 
. Jamna. 

. Sind 

. Sub-Himalaya. 

. Sub-Himalaya and 
(P) ClunB . 

. India, Burma, CMoa, 
and Japan . , . 


. Sub-Himalaya and 
Narbada. 


[vpL. XVI. 
Hioeene. 


Pliooene and pleis¬ 
tocene. 

Pliocene. 

Higher pliocene. 

99 

99 


99 

Higher pliocene. 
Pleistocene. 
Higher pliocene. 
Pleistocene. 
Higher phocene. 
>» 

Eocene. 

Pleistocene (P). 

M 

Higher pliocene. 

9* 

99 

Pleistocene. 
Prehistoric and 
Pleistocene. 
Pleistocene. 
Higher pliocene. 

Pliooene. 

U. Miocene. 
Higher pliocene. 

»9 

99 

if 

Pleistocene. 
Earlier plioeenci. 
Higher pliocwe. 

M 


W 
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Stegodon intigQis. F. & C. . 

iasigttk, F. & C.) 

Soi gigantens, F. A C. . 

(JBippopoiifmadon, Lyd.) 

— hjBadricoi, F. A C. 

t — predlcuB, Gray. .... 
{9. eritiaiiu, Wag.) 

-pa^jnbieBsia, Lyd. 

TapiruB (?) sp. .... 

* Tetraconodon magnum, Falc. 

Tragulua sivalenaia, Lyd. . 

Uraus namadicus, F. A C. . . . 

- ap.. 

* Tiahnutberiam iravaticom, Lyd. 

Viverra bakeri, Roae 

(Ccmia ap., Baker and Uuraud.) 


Sub-Himalaya, Ja> 
pan, China and (?) 
Narbada. 

Sab.Hima]aya and 
Narbada. 

Sub-Hiinabyi^ Sind, 
and Perim . 

Madraa . 

Sub-Himalaya. 

Burma . 

Sub-Himalaya 

P)inj4b . 

Narbada, Ac. . 

Sub-Himalaya. 

Burma and (?) Pan- 
jab . 

Sub-Himalaya. 


Higher pliocene and 
(?) plei8to<»ne. 

B^ber pliocene and 
(?) pleistocene. 

Pliocene. 

Prehistoric. 

Higher pliocene. 

» 

»9 

»» 

Pleistocene. 

Higher pliocene. 

99 


Note on the Bijori Labyrinthodoiit-*B|y R. Ltdekkeb, B.A., F.G.S., F.Z.S. 

As it is always expedient to correct erroneous determinations as speedily as 
possible, I have thought it advisable to publish a preliminary note regarding 
the large labyrinthodont skeleton from the Bijori group of the Gondwfinas 
which has recently come into my custody. Careful ‘ development ’ has exposed 
a considerable portion of the palatal aspect of the skull, which was previously 
concealed by matrix. As I hope eventually to describe and figure this import* 
ant and interesting specimen, which* has hitherto been considered as probably 
belonging to Archegosaurust in the “ Paleeontologia Indioa,” it will only be veij 
briefly noticed on this occasion. 

The skull, which is the only part that n|ed now be mentioned, is triangular 
in shape, and has a length of about 11, with an extreme breadth of 8, inches. 
The orbits are oval and placed somewhat posteriorly, The teeth are small, sub- 
cylindrical, and regular; there are several larger “ tusks ” close to the symphysis 
of the mandible, placed (as in Mastodonsaimis, Lahyrinthodon, and Pachygonia) 
interiorly to the row .of small teeth. This character alone shows that the speci¬ 
men cannot belong to^ Archegosaurua. The structure of the teeth seems to be less 
complex than in the first three of these genera, but more so than in the last. 
The skull is greatly produced at its postero-extemal angles, and has large epiotic 
cornua, thereby differing from Mastodonsaurus. The mandible has apparently 
no distinct post-articular process, but a well-developed internal articular buttress. 
The palatine foramina are large and approximated. 

Except in the apparent absence of a distinct post-articular process to the 
mandible, the skull shows decided affinity to the first division of the Euglypta®; 
in that respect, however, it agrees with Loxomma, but is distinguished by the 


* See “ Manual,” part I, p. 128. 

® See ** ftitiah ASsodadon Beport,” 1874, p. 150. 
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ohttTiujters of the teeth amd orbits. The specimen will almost certainly have to 
be referred to a new genns. 

It may not be out of place to mention' that in describing the lower jaw of 
Gl^ptognathus fragilUf represented in egure 1 of the plate accompanying my last 
notice of Gondwina labyrinthodonts^, the specimen, from the presumed absence 
of a post-artioular process, was inferred to belong probably to the Braohiopina. 
It should have been stated, assuming the correctness of the inference as to the 
absence of the process, that it probably belonged to the Brachiopina, or some of 
the subsequent sections of Professor Miall’s classification*. 


Note o» a ahull of Hippotherium antilopinum, Ig B. Lydbkkee, B.A., F.G.S., 

P.Z.S. 

Among a small collection of Siwalik fossils from Perim Island lent by 
Mr. Theodore Cooke, LL.D., F.G.S., of Poona, and transmitted to me for deter¬ 
mination, there is a very fine example of the skull of Hippotherium antilopinum. 
The species was previously unknown from Perim, and this is the first known 
example of the skull. It shows the complete molar dentition of the left side, and 
is otherwise fairly perfect; I shall hope to give a further description of it on 
a future occasion. 

The LodgCf Harpenden, Herts. 


On the Iron Ores, and Subsidiary Materials for the Manufecture of Iron, in the 
North-Eastern part of the Jabalpur District; hy F. B. Mallet, F.G.S., 
Geological Survey of India. (With a m^p.) 


From time immemorial the Jabalpur district has held an important place 
amongst those centres where the smelting of iron has been carried on in the 
native method. Plentiful ores, extensive jungles for the supply of charcoal, and 
proximity to thickly populated ajfuvial tracts of country, combined to give 
Jabalpur a commanding position in the old days, before railways had brought the 
native hearths into an unequal straggle with the blast-furnaces of England. Even 
nqw iron is made on what, from the native point of view, must be considered a 
large scale, numerous furnaces being scattered over the iron-bearing portions of 
the district. 


. The advantageous central position of Jabalpur, now that it is in railway oom- 
lounication with the richest parts of the surrounding provinces, is too great to 
have escaped notice with x^erence to the manufacture of iron on European 
prinoiplea. As fa^ as was known, ores and flux were to be had in abtmdance, 
a^d the means for distributing tbemanufaotured iron to the surrounding noarkets 
was at hand; But the oftemenperienced difficulty of keeping large furnaces 
charoc^ and the al^nce of any available coal, were a deterrent 
Biaive^ajs^cm;' . 

» m XV, p. 2?, 

* ** jMsocwtion Beport” loo, 



.S B 
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Within the last year or two, however, the discovery of workable coal by 
Mr. T. W. H. Hughes, in the inunediate neighbourhood of the Jabalpur district, 
has gpven the question, a new aspect, A line of railway from the new coal-field 
at Umeria. to Murwlrva (Katni), on the East Indian line, has been proposed, 
and the preliminary surveys already executed. 

The question of fuel, then, being in a fair way towards a satisfactory solution, 
it became important to ascertain whether the generally received opinion as to 
the abundance and excellence of the Jabalpur ores was fully home out by fact. 
I was consequently directed, in the early part of this year, to visit the more 
important places where iron was known to occur, with a view to forming an 
opinion as to the extent of the deposits, and the feasibility of working them, and 
to collect samples for subsequent analysis. The question of flux and other sub¬ 
sidiary materials was also to be looked into. The following paper, then, embodies 
the results of my work in the field and laboratory. 


The iron ores, for purposes of description, may be regarded with reference either 
to their mineralogical characteristics, their geological distribution, or their topo¬ 
graphical position. The accompanying map, the geological work on which is 
mainly, and indeed, with reference to the area with which we are more imme¬ 
diately concerned, exclusively, due to surveys executed by Mr. C, A. Haoket in 
1869-72, shows the distribution of the different series of rocks. It will be seen 
that between the gp*eat spread of Vindhyan sandstones on the north and Deccan 
trap on the south,' both of which formations are almost barren of any metallio 
we^th, there is a belt, some 30 miles wide, where a very varied and intricately dis¬ 
posed assemblage of rocks occurs. It is just here that the band of iron-bearing 
transition strata, which stretches eastwards for more than 200 miles through 
the Son Valley, comes in contact vnth the thickly populated alluvial belt 
through which the Harbadda flows westwards for about the same distance. Hence 
one of the most important advantages which the iron-smelters of Jabalpur have 
enjoyed. Hematite ores wi milar to those of Jabalpur are known to occur largely 
in the wild country to the east; but there are not the same facilities there for 
disposing of the manufactured product. 

The formations just mentioned include— 

Alluvium. 

Book laterite. 

Deccan trap. 

Lameta group. 

Upper Qondw&na. 

Coal measures. 

TAohir group. 

Upper Vindfayans. 

Lower „ 

BIjfiwar or transition series. 

Gndss. 

The Bij&war series and the rook laterite are those with which we are more 
immediately concerned now, for it is in them that nearly all the iron ore is eon- 
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tained*. Bj reference to the map, then, one sees at a glance the general He of the 
irombearing tracts, which are those colonred respectirely pniple and hamt sieima, 
although it is onlj in certain portions of those areas that the ores are found. The 
Bijiwar ores occur more especiaUj in the Farganas ^hhmhhi and Gosulpur, 
while the Pargana Bijeragogarh contains the [greater portion of the lateritic 
ores. 

Mineralogicallj considered, the iron ores are almost exclusively varieties of 
hematite and limonite (or red and brown hematite), the former being especially 
characteristic of the Bijdwars, and the latter of the newer formation. They may 
be classified thus— 

ScbUtose hematite. 


' i, Sematite 

BuAwab obbs 


Micaceous iron. 

. Jasper-hematite^. 

Semi-ochreous hematite. 
Manganiferous hematite. 


. S, Limonite. 


1, lAmonite 

Latbbitb obis 

. 2, SematUe. 


IHsolitic limonite, breaking with smooth eon- 
choidal fracture. 

Pisolitic limonite, breaking with rough uneren 
> fracture. 

Ordinary laterite, some parts of which contain 
a high percentage of iron. 


Magnetite has been found in small crystals disseminated through the hema¬ 
tite beds of Sehora, but I am not aware of its occurring anywhere in such 
quantity as to entitle it to be included in the above Hst as an ore. 


BuiwiB OP.ES. 

The Bijdwar series has been subdivided by Mr. Hacket thus (in descending 
order);— 

Chandnrdfp group. 

Lora * „ 

Bhitri „ 

(, MajhauU „ 

It is in the inferior strata of the Lora group (so called from the Lora range 
east of Sehora) that all the most important existing mines are sunk^ ** All the 
iron-workings,” says Mr. Hacket, “ are situated near the base of the (Loza) group, 
where the quartz bands * are absent, and the rocks consist almost entirely of 
micaceous iron, or mixed with a few bands of clay. The Jauli mines are so 
flitnated, as also those of Mangela, and at Agaria in the Majgaon hills, and also 


* Some ore aho oceun hi the Gondw^lns beds, hut it is “very impure and requires muoh selee- 
rtion and eleaning" and is** very rarely worth working’* (J. G. Medlioott, Memoirs, Geological 
iSarVfty of India, Vol. II, p. 278). 

100 . 

andeubseq^ in ref grenee to natire operations, I use the word 'nine* to exinuss 

.j^ puuTati^ wb^^^e is extracted, irrespective of its form. Underground workings are rather 
ii^^^eption thi^ the nifie, the niajority of the excavations bting irregular open pits. 
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in the hills west of the ‘ marble rocks *. This band of rich iron appears to be very 
constant in the section, but, being softer than the rocks above, is mostly worn 
sway, and covered by the allnvinm, or debris from the ridges of the harder rocks; 
but that the band exists is shown by the pieces of rich iron strewn along the line.” * 

A few workings in the Majhanli hills (near the western edge of the map) 
are situated in rocks of the Bhitri group, but these are of very secondary import¬ 
ance 

Probably the most extensively worked cluster of mines in the district are 
those situated in the group of low irregular hills south of Sarroli and Majgaon 
(8 miles south-east of Sehora), and as the iron-bearing strata are exposed 
there more clearly, and on a larger scale, than in any other localities that I have 
visited, it will be convenient to take that neighbourhood as a starting point in 
any detailed descriptions. 

The hill half a mile south of Agaria (4 miles west-south-west of Sarroli) 
appears to be formed entirely of iron ore. The strata have 
A^a.* *°'^*^** *** ^ irregTilair dip towards the south. The highest beds, 

i.e., those on the south side of the hill, where there are 
numerous pits, are of evenly laminated micaceous iron, interbanded with occa. 
sional argillaceous layers. The rock is so soft that it can be powdered between 
the fingers, and is simply dug out with ordinary hodalis. But the greater portion 
of the ore, constituting the lower beds, is schistose hematite, which is harder thn-n 
the micaceous iron, although easily worked on account of its fissile character. 
Numerous pits have been sunk into it also. There is a thin skin of laterite on 
the top of the hiU, which is, in great part at least, and I believe wholly, due 
to alteration of the iron-schist in situ. 

As this hUl is about a third of a mile long, flat-topped, and wide, and not far 
from 100 feet high, the quantity of ore available by open workings, with free 
drainage, is enormous. As a very rough estimate, the cubic contents of the hill 

may perhaps be taken at —-, or about four million cubic yards®, which is 

equivalent to about fourteen'million tons of oift. Even then if a liberal deduction 
be made for possible concealed bands of useless rock, the re maining figures will 
represent an inunense amount of ore. * 

A sample of schistose hematite from the northern side of the hill yielded on 
analysis— 


Ferric oxide 

• • 

. 97-84 = 

Phosphoric acid . 

• e 

. . . -12 

Snlpbnrie acid 

• • 

. . . trace 

Stdphnr .... 

« • 

, . . toaces 

Loss on ignition’ 

• f 

•89 

Ignited insoluble residue . 

• • 

. 1-21 

Alumina and undetermined 

e a 

•24 

100-00 


) MSS. report, 1870.71. 

* Tbe prodnot of the dimeneimu of the hill is dirided by 2 to allow for the slopes and 
inegahurifies. 

3 This and the other ores analysed were air dried. The loss on ignition^ therefore, inolndes 
hygrosoo^o moisture, as w^eU as, iu the case of the hydrous ores, chenuindly combined wetw. 
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Hilla 

Agaria. 


Bonth-east of 


In the low ridge which reins westward from Agaria a band of hematite schist, 
. several jards thick, is visible along the crest. Elsewhere 
idge a gan*. obscured by talus, &o. Except, however, near 

the base of the southern slope, where pieces of ferruginous sandstone are strewn, 
the detm on the ridge is entirely of hematite schist, so that considerably more 
ore may exist than is actually seen. The ridge is perhaps 40 to 50 feet hi^, and 
comparatively wide, with gentle slopes. Even if the hematite band is not thicker 
than the exposed strata, a large amount of ore is available in the ridge. The 
dip, as. seen about half a mile west of the village, is to the south at 40®—60°. 

In the hilla south-east of Agaria I observed runs of ore in two or three places, 
but nothing of much importance. At the western end 
of the Jhiti ridge some limonite schist is seen, dipping 
S. 20® E. at 40°, but no good section is exposed. This, as 
well as. other Bijdwar limonite ores, which are of rather unfrequont occurrence, 
may possibly be due to hydration of hematitic strata near the surface. At the 
southern base of the hillock just west of Kurumukur, jaspery quartz schist inter- 
banded with micaceous iron is seen. The hillock is capped by laterite, and 
similar rock is to be seen in some of the hills to the north-east of the same village. 
These hills are low and featureless, with little or no other rock visible. It is not 
at all improbable, however, that the laterite is due to superficial alteration of 
iron ore, and that there is a considerable, perhaps a large, quantity of the latter 
in the hills in question. 

There are two low hillocks close to Sarroli, one three-quarters of a mile some¬ 
what south of west, and the other a mile south-south-west 
from the town. The former of these is composed of 
schistose hematite and micaceous iron, the beds of which have an irregular strike, 
corresponding on whole with the direction of the hill, and an uncertain dip at 
high angles. There is a skin of laterite in places due, I have no doubt, to super¬ 
ficial alteration of the ore. 

The northern part of the other bill is also composed of iron ore, which has an 
irregular dip, apparently towards the south as a whole. The southern part of the 
hiUis formed of homstone. • The lower beds of ore, t.e., those in the most northern 
part of the hUl, are of hard micaceous iron passing into schistose hematite, while 
the upper strata ore of soft, crumbly, finely laminated micaceous iron, with some 
interbmided argillaceous layers. It will be observed that the section here is 
iriTnilar to that in tile hill half a mile south of Agaria—soft crumbly ore above 
and harder beds beneath—^and I do not think there can be much doubt that 
the strata in the two localiti^ belong to the same horizon. There are two 
rather laige excwvationa in the upper beds; that to the south-east is knovm 
w the Sarroli mine, and that to tho north-west as the Partibpur mine (from 
a viUsge dose by which is not marked on the map). 

Aa a rough estimate of tMT amount of ore available by open workings, with 
‘1 ^ tho Sarroli hills, the cubic contents of the northern may perhaps 

Avi,— or about 500,000 culm yards, and that of the, iron-bearing 

X w® or about the EMkine amount. This is equivalent 


Sarroli. 



1,9^00^ tons of ^oh hill, or say three and a half mBEon t(ms 
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in both together. In this estimate, as in that for the hill south of Agaria, no 
account is taken of the ore which could be raised from open workings beneath the 
lerel of the surrounding country. From such workings an immense amount of 
ore could be obtained. 

A sample of the crumbly micaceous iron from the Partdbpur mine, taken 
as it was being loaded on to buffaloes for transmission to the* neighbouring 
furnaces, yielded— 


Ferric oxide . . . • 

. 92-21* 

Phosphoric acid .... 

•07 

Sulphuric acid .... 

. . trace 

Sulphur ..... 

. . trace 

Loss ou ignition .... 

. 1-86 

Ignited insoluble residue . 

. . 4-50 

Lime, alnmiua and undetermined 

. 1-36 


100-00 


Iron 64'55 


The harder ore from the north end of hill 
Ferric oxide .... 

Loss on ignition .... 
Ignited insoluble residue 
Undetermined * . . . . 


gave— 

. 9716= Iron 6802 
1-30 
•89 
•6S 


100-00 

The largest iron mine in the district is that near Jauli, somewhat less than 
a mile south-east of the village (3 miles south-east of 
Sarroli). The ore is a aemi-ochreous hematite, in which 
a slightly schistose structure is often apparent. Hematite with metallic lustre 
also occurs, but is quite subordinatJb to the more ochrey kind. The ore is 
interbanded with quartzose layers^ which in some places greatly exceed the 
ferruginous part of the rock. In other places they are comparatively rare, 
and in the best ore they are still less coimnon. These layers vary from a 
fraction of an inch to several inches in thickness. The beds are vertical, the 
strike, where best seen, being N. 40® B. A rough measurement showed the beds 
exposed to have a thickness of about 150 feet, bat in estimating the thickness 
of ore, a deduction must be made as an allowance for the quartzose portion 
just alluded to. 

The ore has been very largely worked, the mine being nearly 100 yards long by 
50 yards broad, and perhaps 50 feet deep. 1 was informed by Mr. Qlpherts* 
agent in charge of the mine, that it is not flooded in the rains; it is a sort of deep 
trench (the length of which coincides with the strike of the rock) in which water 
would accumulate if it did not soak away subterraneously, or evaporate, quicker 
thn-n it entered. The surro unding country, is an undulating one, and without 
actual levelling it would be impossible to say to what extent free drainage could 
be depended on for more extensive operations. 

It is from picked ore from this mine that Mi*. W. Q-. Olpherts’ *metallio paint’ 
is made, by grmding to an impalpable powder. 

> In this, and subsequent aaalyses, in which phosphorus and sulphur 'are not given separately, 
any present ie included in the undetenniued portion <£ the ore. 
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Some distance, perhaps a quarter of a mile, to the north-east of the above 
mine, there is an old abandoned one. The ore exposed is not as rich as that in 
the xnine now worked, and naturally so, as previous to abandonment all the best 
ore exposed would be removed. The beds dip E. 30® S. at 60°, the strike 
therefore being nearly the same as in the newer mine. Mr. Haoket considered the 
ore in both mines to belong to the same band, and one can scarcely doubt that 
such is the fact; but the ore is so soft that it makes no show at the surface, and 
hence cannot be traced along the outcrop. If the band is continuous, however, 
for even a quarter of a mile only, with anything like the thickness it has in the 
present mine, a very large amount of ore is hidden beneath the sui'face. 

An average sample of the Jauli ore, taken as it came, and including the inter- 


iron 52‘d8, 


banded quarto, yielded on analysis-— 


Ferric oxide. 

. 76'69 5=a 

Phosphoric acid. 

•10 

Sulphuric acid. 

. traces. 

Sulphur ...... 

. traces. 

Loss on igfnition. 

. 1*59 

Ignited insolnble residue 

. 22-32 

Manganese oxide, lima and undetermined . 

•80 


10000 


By the aid of some picking, however, a much purer ore can be obtained. A 
sample assayed by Mr. A. Tween gave 97‘86 per cent, of ferric oxide = 68'50 of 
iron, and some of Mr. Olpherts’ paint gave 97'10. 

Before leaving the ores of this neighbourhood, I ought to mention that the 
hematite of Jauli and Agaria, as well as of the hills close 
^ most, distinctly a bedded rock, having 

generally (except at Jauli, where it is less strong marked) 
a highly schistose character. Locally indeed the rock is crushed and recementod, 
and this crushing may have taken place along lines of faulting (probably merely 
local slips). But except in such vei^ limited sense the ore is most cert^nly not 
a fault rock. The point is one of practical importance with reference to the 
probable persistency of the* ore, and is alluded to as the reverse has been pre¬ 
viously stated*. 

The most prominent rock in the Lora range (east of Sehora) is a ferruginous 
siliceous schist, composed of alternating layers of micaceous 
' ‘ iron and quartz, which is usually of a red jaspery type. 

The layers are of irregular thickness, varying from a small fraction of an inch to 
aXi inch and upwards. For want of a better name, and to avoid circumlocution in 
referring to it, tliis rock may perhaps be called jasper-hematite schist. If it were 
maarked as an iron ore, the Lora range (as well as many other lines of hill) 
should be streaked with gold from end to end. But a large proportion of the 
contains too great ah t&ount of silica to allow of its being smelted with 
more especially whmx ores practically free from silica are to be 
oli^iined in ahnndnnoe. Only those places, therefore, are noarked wiih gold in 
I have mylelf 'seen good workable ore. 

* Memoin, Cleol. Surv. uC lodis, Yol. 11, p. i/t6. 


y' j ■ 
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Gogra and Danwai. 


At the termination of the range north of Mangola a band of jasper^hematite is 
w , exposed in situ along the crest. Lower down the slopes 

there is a talus of the same rock, amongst which pieces of 
micaceous iron 2 or 3 inches thick, or more, and free from siliceous layers, are not 
uncommon. But the beds are not exposed sufficiently for one to form an opinion 
as to whether there is any considerable quantity of ore. 

The hill half a mile north of Gogra is formed mainly of jasper-hematite. 

Near the base of southern slope there are a number of 
shallow ore pits*, but they are only in talus, not in the 
rock in situ. The miners seek for the small bits of ore which can be used at 
once in the furnaces, and leave the large lumps, which would.require the labour ' 
of breaking up. The ore is a manganiferous micaceous hematite, containing a 
varying proportion of iuterbanded jaspery quartz. It is a siliceous ore, although 
not very highly so. As the manganiferous band is entirely concealed beneath the 
talus, no estimate can be made of its thickness. Judging, however, from the 
large amount of debris, it seems probable that the thickness is considerable. 
As the loose ore must either lie directly over that in situ, or else have come down 
hill, and as the pits extend 20 or 30 feet (vertically) from the base of the hill, 
probably a large amount of ore is obtainable by dry open workings, whether these 
alb through a deep mass of talus or into solid rock. 


The proportion of manganese varies much, as can be seen from the outward 
appearance of the ore. In some specimens of the micaceous iron, the presence 
of manganese is scarcely apparent to the eye; in uthers, the ore shows by its dark 
colour that it contains a large amount, and in the highly manganiferous portions 
psilomelane occurs in irregular segregations. A carefully chosen average sample, 
made up of a large number of small pieces taken from diffierent pite, yielded— 


Ferric oxide. 66-33 =- Iron 46'43 


f Manganese (with traces of cobalt) . 

. 12-26 

(. Oxygen . . . . • 

. . , . 6-83 

Phosphoric acid .... 

. . -27 

Snlphuric acid. 

r03 

Sulphur . 

. . •. trace. 

Ignited insoluble residue 

9-56 

Lime^ alttmina, water and undetermined 

4-76 

* 

100-00 


The manganese exists, in large part at least, in the form of psilomelane, 
oocmring in irregular segregations, or more minutely disseminated through the 
rook. 

The Gogra miners told me (and Mr. Hacket mentions the same thing) that 
the ore from these pits produces a hard steely iron, used for making edged, 
tools, &c., while that from the mines in the Sarroli neighbourhood yields a soft 
iron, used largely for ‘karrow’ (shallow basins for making chupatis in, &c.). 
The difference is no doubt to be attributed to the manganese in the former. 

* TboM to the west belong to the Tillage Gogni, end thoie to the eut to Dsnwni. 
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Kuthols. 


The ridge ranniitg eastward from Kuthola (1 mile south-east of Sehora) is 
formed mainly of jasper-hematite. At the gap where 
the railway passes, the strata dip at a high angle towards 
the south. In the low hill just west of the railway station (Sehora road), the 
beds in which seem to be higher in the section, as the rocks actually lie, than 
those just mentioned, manganiferous hematite schist, with psilomelane, is visible. 
The rock is more earthy and impure-looking than that at Gosulpur, which 
will be described presently, and contains a considerable amount of interbanded 
jasper and quartz. No great thickness is exposed, but the outcrop is of some 
importance, as indicating the position of the manganiferous band. 

Where the Deccan road passes the end of the ridge, jasper-hematite with 
homstone is visible in situ, and pieces of psilomelane, &c., are scattered about. 

On the northern slope of the hillock, about 300 yards N. 15° W. from the Dak 
Bungalow at Gosulpur, a strong band of manganiferous 
micaceous iron outcrops. In a little nalla at the foot of 
the hill the following section is exposed:— 


Feet. 


Clay-elate, seen about.50 

Souiewhat ferruginous quartz schist ....... 5 

Obscured.20 

Manganiferous micaceous iron.16 ? 

„ quartz schist ........ 5 

„ micaceous iron, seen ....... 36 


The total thickness of ore actually seen being about 60 feet. The section is 
given in descending order, as the rocks lie, the dip being about 60° to N. 30° W. 

The hillock just mentioned forms the eastern extremity of a low scarp, run¬ 
ning from Gosulpur to W. 30° S. The sc&;rp is capped by several yards of rock 
laterite, but lower down the slope (which faces to N. 30° W.) the mangano- 
ferruginous band outcrops in several places. It is fairly seen at intervals for 
about a third of a mile, and revea^ its presence more obscurely, by occasional 
small outcrops, and by loose fragments, for at least a quarter of a mile more. As 
in the first third of a mile the outcrop is well above the plain (averaging 
perhaps 30 feet or so), there is, unless the band thins out considerably immediately 
westward of Gosulpur, which is not likely, some hundreds of thousands of tons 
to be had dry open workings, and probably some millions by going deep 
enough. 

The appearance of the rock shows (as at Gogra) that the proportion of 
manganese is very variable. The greater portion of it, at least, exists in the form 
of psilomelane, occurring partly as linings to small cavities in the rock, and in 
irregular segregations and masses, some of which contain some cubic f^t of 
mineral. I am somewhat inclined to think that the psilomelane is most abundant 
where the schist has crushed and re-cemented, psilomelane being the cementing 
material. A sample of the more manganiferous part of the schist afforded 18’02 
pCT cent, of manganese (with a little cobalt), while the psilomelane gave 83'20 
'3i>er cent, of available peroxide. 

.Beviewing the above details, it will be seen that manganiferous micaceous 
^Iti^ktite has been found in several places along the southern side of the Lora 
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runge. One can scarcely feel much doubt as to there being a oontinuoxis band 
in that position. It is highly probable that the Q-osulpur ore belongs to the 
same horizon, but whether it is a direct continuation of the same outcrop or 
not is more doubtful. The strata in the Lora range hare a general dip towards 
the Bouth-south-east at high angles, while the beds at Gosulpur dip N. 30* W. 
at about 60*. This may be a mere local feature, or it may indicate that the Lora 
and Gosulpur outcrops are on opposite sides of a synclinal flexure. 

There does not appear to be any reasop why the Gosulpur and Lora man- 
ganiferouB ore should not form a suitable material for the manufacture of 
spiegeleisen. Although part of the manganese occurs in distinct segregations, 
a large proportion of it is minutely disseminated through the ore. 

On the slope of the hillock at Gosulpur above mentioned, a little below the 
outcrop of the manganiferous ore, there is a band of limonite not less than 15 feet 
thick. It can be traced westwards for about the same distance as the other ore, 
to which it runs parallel. Some parts are very massive, the rook lying about in 
large blocks; others present a schistose appearance. At the time I.took this to 
be a bedded Bijawar rook, but I am not prepared to assert positively that it is 
so. Whether it be or not, a considei’able quantity of ore (containing, however, a 
rather high percentage of phosphorus) is to be obtained from it. It yielded on 
analysis— 

Ferric oxide . ..81'5? = Iron 57*10 

Fhovphoric acid.1‘69 

Suiphoric acid ....... O'OO 

Sulphur ........ traces ‘ 

Loss on ignition . . ".10*91 

Ignited iuBuluhle residue . . . . . 4*08 

Lime, alumina and undetermined ^ . . . . 1*75 

100*00 

Lateeitic ores. 

» 

The pisolitic ores occur on a horizon near the base of the later! tic strata. 
“ The bottom beds (of the group) consist of a coarse ferruginous sandstone, 
formed of rounded bits of quartz, sometimes as large as a pea, embedded in a hard 
ferruginous paste. Above this there are some beds of fine ferruginous earthy 
sandstone, containing badly preserved leaf-impi'essions. Besting upon these in 
some sections, there are several feet of a rich oolitic iron ore, covered by red, 
white, and purple clays, with bands of a coarse ferruginons sandstone inter- 
bedded, the whole capped by the ordinary rock laterite.”** 

There are two main varieties of pisolitic ore, one of which breaks with a smooth 
conchoidal fracture and shining surface; the other with a rough uneven fracture 
and dull lustreless surface. In the former the hardness and tenacity of the 
sphemles, and of the cement in which they are embedded, are about equal, so that 
fracture takes indifferently through both parts of the rock. The difference of 
fraoture in the other varieiy is due partly to the cement, and also the spherules, 


* *008. 

* C. A Hucket, MSS. report, 1871*72. 
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breaking with a dull nneren surface; partly to some of the spbemles being 
dragged out of their sockets unbroken, so that the surface of the rock shoYrs a 
number of rounds prominences and depressions. The conchoidal-fractured 
limonite is hard and brittle, the other much softer, and sometimes quite friable. 

The spherules of the former vary in size from that of large peas downurards, 
so that the rock passes into oolitic limonite. Intimately associated viith it in 
many sections is a highly ferruginous sandstone, which, when looked at under 
the lens, is seen to be composed of minute grains of quartz with an abundant 
limonitio cement. Sometimes the rock is free from spherules of limonite; more 
frequently such are scattered through it more or less abundantly. Thus it passes 
into the rich pisolitic ore in which grains of quartz are sometimes visible between 
the spherules, though more frequently the cement is, like the spherules them¬ 
selves, purely Kmonitic. The sandstone and pisolitic ore are often found in 
juxta-position, with a sharp line of division between the two. 

An immense number of small pits, most of which are now abandoned, are 
scattered over the lateritio area. The majority of those I visited are in the 
neighbourhood of Bijori (7 miles east-south-east from Murwsua) and in the 
Kanhw4ra hills. 


There is a quany a quarter of a mile S. 15® W. from Bijori from which 
Mr. W. G. Olpherts obtained some of the ore smelted in 
his experimental works at Murwdra. The section at one 
end comprises— 


rt. In. 


o. Surface soil ..........1 0 

A. Lateritic debris ......... 1 6 

d, Hsolitic limonite with conchoidal fracture.0 11 

e, Ocfareoas, somewhat pisolitic, limonite With rough fracture . .0 4 

f, g. Semi-ochreous red oxide of iron, in onion-like nodules several 

inches in diameter ........ 0 8 

A. Lithomargic cla; .. 0 7 

i. Soft friable sandstone, seen a.. 7 


One hundred feet to the east, at the other end of the quarry, the section is 
as follows— ‘ 

Ft. In. 


a. Surface soil. 10 

h. Lateritic debris ........ 10 

c. Soft pisolitic limonite with rough fracture.... 84 

d. Pisolitic limonite with eoncboidul fracture ... 0 10 

e. Ocbreous, somewhat pisoliidc, limonite with rough fracture . 0 6 

f. Pisolitic limonite with conchoidal fracture ... 04 

g. Oohreous, somewhat pisolitic, limonite with rough fracture . 0 6 

A. Lithomargic olej, seen. 0 10 


In comparing the above two sections it will be observed that the band of 
semi-oohreoua red oxide of iron in the first corresponds to / -f g in the 
second, or to one or other of them, the other having died out. In either 
t^ere is a change in mineral character laterally, which change may he either ori- 
r; ^ or secondary. Tho absence of c in the firot section is merely due to denu- 
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About a Tnilfl south of Bijori there is another quarry, which has been worked 
Mr. Olpherts. The section at the eastern end comprises— 


a. Surface soil. 

b. Duintegrated laterite. or lateritio deirtf ..... 

c. Disiutegnited laterite trith one or two Inyera of highly fermg^nona 

aandatone, and thin Beams of pisolitio Umonite with oonohoidal 
fracture . 

d. Piaolitic limonite with conchoidal fracture..... 
0 . Soft piaolitic limonite with rough fracture..... 

f. Piaolitic limonite with conchoidal fracture ..... 

g. Soft piaolitic limonite with rough fracture. 

k. Limonite, with conchoidal fracture; piaolitic in the upper part, 

passing into oolitic lower down . . . . . 

i. Laterite, seen ......... 


Pt. 

1 


In. 

0 

8 


9 


0 Sto4 


1 

0 

1 

0 

1 


9 

10 

11 

2 


hj~ 


At the other end of the quarry, 22 feet to the west, the band h is represented 


r Piaolitic limonite with conchoidal fracture 
j Soft pisolitio limonite with rough fracture 
' Oolitic Umonite with conchoidal fracture 


Pt. 

0 

0 

0 


In. 

6 

4 

H 


The middle 4-inch band, therefore, dies out in a very short distance. In the 
western part of the quarry, also, the band d is represented by a layer, about 
equally thick, of compact brittle limonite. It is further noticeable in this sec* 
tion that ordinary laterite underlies the pisolitic ore. 

An average sample from the band h gave on analysis-— 


Ferric oxide .... 

. 81*20 

Phosphoric acid 

1*41 

Sulphuric acid ... 

. . . . trace. 

Sulphur 

. . . . trace. 

Loss ou ignition 

. 18*42 

Ignited insoluble residue 

. . . . 1*29 

Alumina, lime and nndetermined . 

. . . . 2*68 

100-00 


On the north side of the village 3 feet 4 inches sf soft pisolitic limonite, with 
rough fracture, is exposed, with the base not seen. This afforded— 

Farrio oxide ........ 71*72 s Iron 60*20 

Loss on ignition.14*68 

Ignited insoluble residue ...... 7*94 

'Undetemuned (alununa & lime in part) .... 6*66 

10a|00 

In an old 'pit half a mile east of Bijori 2 feet of ore of the same is 
exposed. 

There are a number of abandoned pits about 300 yards noiih of the village, in 
one of which the following section was measured:— 

Pt. In. 

Surface soil.1 g 

Soft jdsolitiic limonite with rough fracture.1 fi 

l^ioUtie limonite with conchoidal fracture . . . . .0 1 

Soft pisolitic limonite with rough fracture . ' . . .0.. 7 

Ochreousi^solitioliiDoiiitewithrougbfractore . . . ' . 0 8 
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n. la, 

Pisolitio limonita with conchoidal fracture; the amount of cement 
between the spheruleB increasing in amonnt downwards nntal the 
rock pnises into highly fermginons ftandstpne . . . 0 7 to 8 

Boft pisolitic limonita with rongh fracture . ■ . . ' . 0 6 

Friable ferruginoos sandstone with some thin irregnlar hard layers, 

seen ..1 6 


.. About half a mile south-west of M^jhgaon, some ferrugi¬ 

nous beds are very imperfectly seen in a nalla. 

Ft. In. 

Hsolitic limonite with conchoidal fracture, not less than . . 1 6 P 

Arenaceous semi-oebreous hematite, in beds of irregular thickness, 

seen..4 0 

The lower beds are considerably contorted on a small scale. 

On the south-west side of the village, in an old pit, about 2 feet of oolitic 
limonite, mostly of the soft variety, underlies some 4 feet of lateritic debris^ 
The base of the ore is not visible. 

Bbadora. Three quarters of a mile south-west of Bhadora there is 

a group of old pits, in the largest of which the following 
section was measured 

Ft. In. 

Surface soil, Ac. ......... 3 0 

Bed of earthy limonite, with faint plant impressions . . . 0 10 

Lithomargic clay ......... 3 0 

Oolitic limonite, softer and less highly ferruginous than that 

below ...........2 0 

Oolitic limonite, rather soft and breaking with rough fracture, 

seen . . . . .' •* . . . 1 0 

Summariaing the preceding sections, we »€nd the thicknesses of ore actually 
seen, to be as follows :— .... 


Bbadora. 


i mile S. 15° W. from Bijori . 
1 mile south of Bijori . 

‘ Korth side of Bijori 
i mile east of Bijori 
806 yitrds north of Bijori 
f mile sohth-west of Majhgaon 
gogjft-wSstsideof Hqjhgson , 
I ix#» sonth-west of Bhadora 


Pisolitic limonite 
with eonchoidal 
fracture. 

Pisolitic limonite 
with toBgh fracture. 

O 

S 

a 

o 

raw 

. 

• 

Heniatitio ore. 

tS 

< 

s 

Ft. III. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

1 2 

4 2 

as* 

*« • 

5 4 

1 3 

3 7 

see 

see 

4 10 

#*• 

8 4 

■ s s 

•aa 

8 4 

»•« 

2 0 

ese 

sea 

2 0 

0 8 

2 9 


ese 

3 5 

1 6P 

ass 

sac 

4 0 

6 ~6? 

eta 

2 0 

■ •s 

... 

2 0 

D 

8 0 

0 10 

sae 

3 10 
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In tbo sections wbicb are best seen there is about 5 feet of ore. In the others 
either a portion of the ore has been denuded away from the top, or the lowest beds 
are not ^sible. 

With reference to the important question whether the irson-bearing strata are 
continuous throughout the area over which the pita above noticed are scattered, it 
would be perhaps rash to express an unqualified opinion. The strata are most 
obscurely seen, ^ing rarely visible except in the old pits, and seldom in them even 
except by clearing out the rubbish, by which they are more or less choked up* 
But I am certainly strongly inclined to believe that the ore will be found to occur 
continuously at the same horizon, although the details of the section may vary in 
different localities. Some of the sections given above show slight differences 
within a few yards even, but those in which the rocks are best seen agree in there 
being a foot or so of limonite with conchoidal fracture, covered by a thicker band 
of the softer kind of ore. 


The map scarcely indicates the form of the ground correctly. There is low 
ground, occupied by alluvium, on the borders of the streams, sloping gently 
upward to more elevated ground, whore the surface rock is laterito, rather than 
definite hills and valleys. The ore beds generally occur near the foot of the lateritio 
slope, a little above the level of the allnvium. They have probably, therefore, been 
denuded away from some, at least, of the alluvial hollows. But these hollows 
occupy a far less area than the lateritio ground. In the latter I believe the ore will 
be found continuously; at or close to the surface in the lower ground, and 
obtainable by open workings, but in the more elevated tracts probably beneath such 
a depth of overburden as to necessitate shallow mines. The amount of ore must be 
very large. A continuous bed of even one yard only would contain more than 
eight million tons to a square mile. • 

About a mile north of Emelia there are two quarries about 100 yards apart. 

Emelia. That to the north was worked last year, and a consi“ 

derable heap of ore was stacked at the time of my visit. 


* » • 

The section includes— 

Ft. In. 

Surface soil ......... ..0 2 

Highly ferruginouB sandstone.1 8 

Dinntegrated ordinary laterite ....... 1 3 

Fisolitio iron ore, seen . . ' . .... .4 0 


The floor of tne quarry is on the ore, so that the total thickness of the latter is not 
apparent. The strata dip about N. N. W. at 5°. The ore is somewhat different to 
any that I have seen elsewhere. It consists of spherules of limonite (having an 
onion-like structure, and ranging up to an inch, or even more, in diameter, but 
usually not exceeding half an inch) which are embedded in a semi-ochreous cement 
consisting mainly of brown, but partly of red, oxide of iron. Most of the spherules 
on the surfaces of fracture remain unbroken, being tom out of their sockets on 
one side. 

In the other quarry the same beds are seen less fully. 

Ft. In. 

Surface Boil . ........ 0 9 

Higlily ferruginous sandstone . ... . . . .10 

Disintegrated ordiaaiy laterite ....... 0 6 

Eifiolitic iron ore, seen ..13 
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Tlie ore is Bimilar to that in the first quarry, except that the cement contains 
more red oxide^ Dip north*weBt at 

The ore in these quarries being on rising ground, and, where it is now ex¬ 
posed at least, close to the surface, is favourablj situated for open workings. An 
average sample from the first-mentioned gave— 


Ferric oxide . . ■ . 

• • * 

77*81 = 

Msngnnese (calculated ae Mn, (^). with 

traces of cobalt. 

1*54 

PboBpboric acid .... 

• • • 

*82 

Sulphuric acid .... 

• • • 

traces. 

Sulphur . . i . , 

BBS 

tracra. 

Lobb on ignition .... 

■ • • 

18*20 

Ignited insoluble residue 

• • • 

3*27 

Alumina, lime and undetermined 

• • • 

8*36 



100*00 


On the rising ground about a mile west-south-west of Jhijri several shallow 
Jbijri have been sunk, but they are now abandoned. Lumps 

of ore are freely scattered about over the surface, and here 
and there a thin bed is visible in stiu. The thickest I saw included 10 inches of 
pisolitic Hmonite with conchoidal fracture. 

At the base of an outlying hillock of laterite, about half a mile north-west of 
KailwAn Kailw6ra, there is a band of ore, similar to that near 

Jhijri, which has a thickness of not less than 20 inches. 

In a nalla, close to Mr. Olpherts* paint mill on the Katni, a mass of some- 
MurwAra. what earthy limonite,^ mixed with red oxide, appears from 

beneath the alluvium for a distance of about 20 yards. 
It has an apparent schistose structure and is unlike any lateritic ore that I B,Tn 
acquainted with. On the other hand, it is very improbable that the Bij^war rocks 
should appear at the surface, which they could only do by very peculiar faulting, 
so that I feel uncertain as to the relations of the ore. It afforded— 


Ferric oxide . • . 

Lobi on ignition .... 

Ignited insoluble residue 
Undetermined (almnina and lime in part) 


76-23: 
9-02 
11*08 
4*67 

100*00 


Iron 52*66 


The Eanhw&ra hills (6 miles north-east of Murw&ra) form a level plateau 

Eanbwtra bills. bounded by a sharply defined escarpment. The surface 
rock on top is ordinary laterite, while bands of rich iron 
ore outcrop along the face of the idope. 

Pisohtro limonite, in great*, part of the kind with conchoidal fracture, forms 
a starong bund at the top of tha escarpment a quarter of a mile W. 20“ N. of 
PiiongL There is little or no overburden on it. 

At ^e foot of the ghfit, half a mile N. 20* W. of Piprehta, a bed of similar 
prA not less than 2 feet thick is visible. 
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Not far from the top of the scarp above Piprehta there is a strong band of 
the same kind of ore. There appears to be another lower down, but the section 
is obscurely seen. 

On the slope of the projecting spur, a quarter of a mile south<east of Pip¬ 
rehta, there are some old pits. In one of them the following section was 
measured;— 

Ft, In. 

Fiaolitic limonifce, mainly of the kind with conchoidal fracture. 


in part somewhat ochreous, seoa. 2 10 

Coarse fermginoas sandstone ...... 16 

Compact, or slightly ochreous, limonite .... 02 

Do. red oxide of iron ....... 03 

Lithomargic clay, seen ....... 16 


there being 3 feet 3 inches of oro, with the top of the main band missing through 
denudation. The ore is 15 feet (vertically) below the top of the hill, which is 
about 70 yards to the north-— • 

A sample from the main seam yielded on analysis:— 


Ferric oxide 
Phosphoric acid 
Sulphuric acid 
Sulphur .... 

Loss on ignition 
Ignited insoluble residue 
Alumina, lime and undetermined 


82*18 = Iron 67'62 
•76 
trace 
traces 
13*89 
1*67 
i‘60 


100*00 


It will be noticed that this, as well as the other lateritic ores analysed, con¬ 
tains a much higher percentage of phosphorus than the hematites. In the latter 
the phosphoric acid ranges from *10 to *27 per cent.; in the former from *76 to 
1*41 per cent. 

At the foot of the hill, below the pits just mentioned, there is a strong band 
of oolitic and pisolitic limonite with conchoidal fracture. 

To the north-west of Kamtarra (a village 1 mile south of Mohari) there 
are some old pits 25 feet above the foot of the escarpment, which is 70 feet high. 
The ore is pisolitic Umonite with conchoidal fracture, and is not less than 12 
inches thick. There seems to be more than one band of ore besides that in the 
pits, but the section is very obscure. Large quantities of loose ore are strewn on 
the hill-side at different levels. 

Jnst west of Mohdri the hill is capped, with no overburden, by 2 feet 4 inches 
of oolitic limonite with conchoidal fracture. There are some old pits here, and 
others about half way down the hill. 

In the nalla just north of Mohdri there is— 

' . Ft. In. 

Oolitic limonite with conchoidal fracture, seen .... 0 9 

Slightly arenaceous limonite, in thiiinisb beds containing plant 

impressions.0 9 

Ferragin<>’iB sandstone, seen.16 
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Near tiie bottom of the ghdt, half a mile iiorth*west of Mohfiri, there is a 
baud of pisolitic limoziite with eoechoidal fracture, seemisglj about 2 feet thick. 
Higher np there is another strong band of similar ore. 

On the slope abore Nanhw&ra 2 feet 6 inches of same kind of ore, but some¬ 
what oohreous in part, outcrops in one place. 

About half a mile south of Eanhwara the sur&ce rock, at some little dis¬ 
tance from the foot of the escarpment, is pisolitic limonite with conchoidal 
fracture. 

On comparing the above sections it will be seen that there is one band of 
ore near tho top of the escarpment, another at the foot of it, and a third in an 
intermediate position. The thicknesses, in as far as I was able to ascertain 
them, were— 

Tap »eam. Middle leam. Bottom team. 


i Mile W. 2(f N. of Pilongi 
i „ N. 20“ W. of Piprehta 

Piprehta 

i Mile 8outh*eit8t of Piprehta 

North-west of Kamtarra . 
West of Mohari 

He 

North of Mohari 

North-west of Mohari 

Eanhwdra 

South of Eanhwiira 


Strong band 


Strong band 
Not less than 
3 feet 3 inches. 

Not leas than 
2 feet 4 inches. 


P 

Not less than 
1 foot. 


Strong band 
2 feet 6 inches 


Not less than 
2 feet. 

Strong baud. 


Not less than 
1 foot 6 inches. 
2 feet P 

• •• 

P 


It is, I think, tolerably safe to estimate the average thicknesses of the seams 
at"~ 

Ft. In. 

Top scam.2 6 

Middle seam ...20 

Bottom seam.2 0 

The area of the plateau west of Moh&ri being about two and a half square 
miles, there would be in the— 


Top seam.19 million tons of ore. 

Middle seam.15 „ 

Bottom seam.16 „ ,, 

A large amount of ore from the top seam is available ly open workings with 
free drainage in places where, as in some of the localities noticed above, it occurs 
at the very top of tho escarpment with little or no overburden. A considerable 
quantity could also be got from the bottom seam, in the same way, in places 
where it extends into the plain at the foot of the slope. The great mass of ore from 
the two lower seams, however, and some pitibably hram the top one, could only 
be obtained by mining. But mining in horizontal strata at such insignificant 
depths would be of the simplest kind, an immense quantity of ore being within 
reach by adits driven in from the f^e of the escarpment. 

In ihe above estimate no account has been taken of the Kanhw^ hills east of 
Moh^'i, where there can be little doubt ore exists in equal abundance. 
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A considerable propoiiion of tbe ordinaiy laterite contains a high percentage 
. of iron, and in countries less favoured than that under 

mary tente as ore. -v^orold be looked on as a valuable ore. As a 

case in point, I may mention the hillook near Kailwdra previously alluded to. It 
is about 40 feet high, and formed of rock laterite of a common lype. A carefully 
chosen average sample yielded*— 


Ferric oxide ..... 
Loss on igoitiou ..... 
Ignited insolnble residue 
irndetermined (mainly alumina and lime) . 


63*27 = Iron 44.*29 
10*46 
19-86 
6-89 


10000 


I ought not to conclude these notes on the iron ores of Jabalpur without 
saying that they do not profess to give an account of 
every locality in whieh such mineral resources are to be 


Scope of notes. 


found. Iron is, ind^d, well known to oebur in places which I have not visited— 
at Gangai, for instance, near the marble rocks, and the Majhauli hills, west of 
Sehora. Such ores, however, are,, from their position, obviously out of count in 
connection with the Umeria coal. In the localities I have described, there is a 
practically unlimited supply of high-class brown, red, and manganiferous ores, none 
of which are more than a few miles distant from the railway. So much being 
ascertained, it would be useless, at any rate until tho question of working the 
ores takes a more definite form than at present, to spend time in the examination 
of the more remote and less important localities. 


Pldxbs. 

The most important member of the Lower Vindhyan series, and that possess¬ 
ing the greatest constancy in the section, is a band of 
Vindhyan lime- ijmegtone some hundreds of feet in thickness. Consti¬ 
tuting, as it does, ne^-ly the highest subdivision of the 
series, and generally dipping towards the north at moderate angles, it occupies 
the lower portion of the Kymore escarpment (beqpath the sandstones of tho 
upper series), or a belt of country, of varying width, immediately to the south. 
In this position it extends from near Sasserdm to Bijeraghogarh, a distance of' 
some 200 miles. In the neighbourhood of the latter town the outcrop is 
exceptionally wide, covering a breadth of more than 3 miles. A little west 
of Bijerdghogarh, however, the alluvium begins to encroach, the limestone out¬ 
crop rapidly narrows, and near the village of Kachgaon finally disappears beneath 
the more recent deposits^. But it is practically certain that, altiiough concealed, 
the limestone forms a continuous fringe, bordering the Upper Vindhyan rocks, 
from Eachgaon towards the south-west, and then eastwards again to Murwdra. 
In the latter position there are numerous quarries sunk through the alluvium. 

These excavations are in a line running north and south from just south of 
the town to the base of Murw4ra Hill Station. With one exception they appear 
to be ail veiy nearly on one strike. The depth of overburden in the different 


* The narrow band, colored blue on the map, to the westward of Eacl^iaon, is of shale, which 
occupies a positaou between the limestone and tbe Upper Vindbynu rocks above. 
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quarries varies from 10 to 25 feet, except in the most southern of the line, where it 
is less than 5. It consists of claj, with Lower Yindhjan shales and inferior shaly 
limestone, which overlie the band that is worked. The latter consists of grey 
limestone in beds of rather small thickness, averaging say 2 to 5 inches. A 
carefully .chosen average sample gave— 


Carbonate of lime .. 

. 94*65 

„ of magrnesia (by diff.) 

. 2-98 

„ of iron .. 

■68 

Phosphoric acid ...... 

. . traces 

Snlpburic acid .. 

. 000 

Sulphur ........ 

. . traces* 

Ignited insoluble residne. 

. 1-79 


100*00 


—a result which shows the stone to be eminently suitable as a flux. 

The band of superior limestone (above and below whigh is inferior stone) is 
only some 10 feet thick, and as it dips (towards the west) at 15°—20°, it cannot 
be followed towards the deep for any distance, the overburden even at the out¬ 
crop being excessive. The amount of stone therefore obtainable from the present 
quarries is limited. The outcrop of the whole band of limestone, however (which, 
as I have said, is some hundreds of feet thick in the Son Valley), probably extends 
for a considerable distance eastwards of the quarries beneath the laterite and allu¬ 
vium, and many other beds of good stone are probably concealed in that position. 
(There is indeed one excavation, some 130 yards east of the others, which has 
struck limestone, but of an inferior kind.) It is very doubtful, however, whether 
the more recent deposits are not too thick to allow of such being worked, even if 
found. A well in Mr. Olpherts’ compounds, a few hundred yards east of the line 
of quarries, was sunk through 90 feet of clay without striking rock. 

In the event, then, of iron works on a large scale being started at Murwara, 
I think it is not impossible that,^sooner or later, the supply of limestone on the 
spot will fail. In this case search should be made a little south of where the 
railway passes through the ^ymore hills (west of Ponchi). It is quite possible 
that the limestone is to be found there beneath a less depth of overburden thnn at 
Murwara, and a few shallow wells would be sufficient to settle whether it is or 
not. If not, perhaps the best plan would be to construct a tramway from Mur- 
wdra to the limestone area west of Bijeraghoghar, or to the latter town itself. 
Limestone is to be had there in unlimited quantity at the surface of the ground. 
The tramway, therefore, besides serving to bring in iron ore from the rich deposits 
of the Kanhw&ra hills, and flux for smelting purposes, could supply lime> 
works on any required scale with stone, probably at a cheaper rate tbq.T» it can be 
had now at Murwdra, as the expense of removing such a mass of overburden would 
be avoided. As the MurwAra* lime is now exported as far even as Calcutta, a 
market would doubtless be found for a large supply, if deliverable at a sufficiently 
low rate. A certain amount of passenger and ordinary goods traffic would also, 
no doubt, be obtainable for such a tramway as a feeder of the East Indian Bail- 

>•004. 

* Or Kstui, Murwira u the name of the town, Katni that of the adjoining railway station. 
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Lameta limestone. 


way. As the oountiy is nearly level, with only one stream of any size to cross, 
there would be no difficulty in construction. 

There is an unlimited supply of limestone to be obtained from the lameta beds. 

Besides the fact, however, that these rooks do not approach 
the railway anywhere north of Jabalpur, the stone is 
markedly inferior to that of Murwira. An average sample, taken from several 
heaps collected for burning near Jabalpur, contained 21‘38 per cent, of residue 
insoluble in hydrochloric acid, the remainder being carbonate of lime, with trifling 
quantities of magnesia and iron. 

A pisoUtic variety of laterite, containing, besides iron, a large proportion of 

. , alumina, occurs abundantly in the hills south of Mur- 

Alammong latente. , -ri* i* n luii 

wara. If an aluminous flux should be required for 

smelting some of the hematite ores, the rock in question might perhaps be found 

useful. 


Dolomite. 


Marble rocks. 


The occurrence of manganiferous iron ore, available for the production of spie- 
geleisen, would probably lead to Bessemer steel-making being included in any 
scheme for utilising the Jabalpur ores. If the basic process were adopted, dolomite 
for lining the converters would be required. The rock occurs in great abundance 
in the district, and, although very unequal in quality, can be obtained, by a little 
selection, of great purity. 

The well-known ‘marble rocks,’ which are situated about 2 miles from 
Mirganj station on the Great Indian Peninsular Baih 
way (11 milefi from Jabalpur and 68 from Murw^ra), 
are dolomitic throughout. The rock has a saccharine texture, and is mainly of 
a pure white colour, although here and there it has a grey, yellow, or pink tinge. 
The bedding, as a rule, is not very thick, and in places it is quite thin, the rock 
verging towards a dolomitic schist. The greater portion of the dolomite contains 
disseminated crystals of tremolite, and very often irregular strangulated layers 
of quartz parallel to the bedding. But rock free from visible impurity is to be 
obtained without any difficulty. A sample of such, of a pure white colour, and 
obtainod from difEerent spots, yielded— 


Carbonate of lime 

„ „ magnesia (by diff.) 

„ „ iron 

Ignited insolnble residue 


65 48 
43*56 
*36 
•61 

100*00 


This is a veiy close appioximation to normal dolomite, which contains 54*35 and 
45*65 per cent, of carbonate of lime and magnesia respectively. 

Dolomite of a somewhat less pure variety also occurs largely in the neighbour- 
hood of Sleemanabad. It is mostly grey, with occasional 
ear mana . and quartzose bands, but rock free from visible 

impurity can easily be got by selection, A sample taken from the side of the 
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railway between DJiaroli and Deori (2 miles from Sleemanabad station and 


20 from Murwdra) gave— 

Carbonate of Ume.52*4S 

„ „ magnesia (by diff.) ....... 88'28 

„ „ iron.. . 2*76 

Ignited insoluble residue ........ 6'57 


100-00 


The samo band of rock is also found close to the Sleemanabad station. 


Firbclat. 

Firebricks have been made in the Jabalpur jail from clay obtained from the 
Upper Gondwana beds, in the neighbourhood of Jackson’s 
Jabalpur. hotel. Last year I made some trial of their infusibility on 

a small scale. Three sharp-edged fragments, together with three similar fragments 
of a Scotch firebrick, from ECilmamock, were placed in a covered crucible, and 
exposed for an hour to a dazzling white heat in a Fletcher’s injector gas furnace. 
After cooling it was found that the edges of none of the fragments showed even 
incipient signs of fusion. The fragments of both bricks had acquired a slight 
glaze on the parts forming portions of the original surfaces, and when broken 
were found to have become extremely hard (so as to resist the point of a knife), 
somewhat porous, and the fracture semi-vitreous looking. The Jabalpur brick, 
before heating, had a smoother fracture than the Scotch one, and was much softer 
more easily broken. After heating, however, both seemed to be equally hard. 

Babu Hira L41, of the Geological Survey, recently forwarded some clay, similar 
in appearance to that from which the Jabalpur bricks were 
Amdan. naade, which he found in the Upper Gondwana strata in the 

hill west of Amdari, a village 14 miles south-west of Chandia. He states that 
the clay occurs in considerable quahtity. It is a white indurated kind, breaking 
with a semi-conchoidal fracture when dry. When powered moderately finely >, 
it yielded a highly plastic ^nass with water. From this small bricks with sharp 
square edges were made, measuring Similar bricks were made 

from fireclay from Glenboig and Gamkirk (Scotland) and from Rdniganj, One 
of each was enclosed in a covered crucible, with one end resting on the bottom, 
and the other touching the side. After exposure for an hour to a dazzling white 
heat in an injector furnace®, the edges of the Amdari brick were only slightly 
rounded, but the brick had softened sufficiently to allow it to bend somewhat, 
until partially supported by the side of the crucible. It had not contracted in a 
marked degree. The Glenboig and Gamkirk bricks remained with perfectly sharp 
94 %*es and contracted very slightly; the former showed no trace of bending, while 
the latter was bent in a very slight degree. The Edniganj brick had the edges 
Sounded, and was reduced to a senn-fused condition. 


’ Sifted through a sieve of 88 holes to the linear inch, 

• The temperature was sufficiently high to soften the cover of a crucible from the Battersea 
works, and allow it to sagg downwards. 
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Some of the powdered Amdari clay was subsequently washed by suspension 
in water, dried, repowdered and sifted, and made into bricks of the same kind, 
which were similarly heated. The edges were very slightly rounded, and the bricks 
bent somewhat from their own weight, but decidedly lees than that made from 
unwashed clay. 

Although the clay, then, showed itself to be inferior to Scotch clay, good fire¬ 
bricks could probably be made from it, especially if washed. Similar clay is 
doubtless to be found elsewhere in the Upper Gondwana area, and one may expect 
the coal measures of Umeria to contain fireclays like those of Bdniganj and other 
coal fields. 


MoEwIrA as a site POE luON-WORKS, 

In the preceding remarks I have more than once alluded to Murwdra as a site 
for future iron-works. The advantages of the position are not far to seek. The 
two primary conditions in selecting a site are firstly, that there shall be an ample 
supply of water, and secondly, that the spot shall be on the line of railway. 
Now, between Gosulpur, in the neighbourhood of the most important hematite and 
manganiferous deposits, and Umeria, eta Murwara, the East Indian Railway 
and the projected line to Umeria only cross three streams of any size, namely, 
tho Heran, south of Sehora; the Katni, at Murwara; and the Mahanaddi, near 
Chandia, The first of these is obviously too far away from the coal-field. The 
Mahanaddi is within a comparatively short distance of the coal, which forms the 
heaviest individual item of haulage, but not only would the ore and flux have to 
be taken from near, or beyond, Murwdra to the Mahanaddi, but all the iron pro¬ 
duced would have to be carried from tho Mahanaddi to Murwara. Roughly 
speaking, there would bo the haulage of ore + flux + iron versus tho haulage of 
coal^. 

Murwara, as will have been soon, occupies a central position with reference to 
the different mineral products required. It Is iictually on limestone, and within 
less than 16 miles of an unlimited supply of the same mineral to the north¬ 
east. It is in the immediate neighbourhood of the latfiritic brown ores, and about 
equally distant from the Umeria coal-field to tho south-east, and the hematite and 
manganiferous ores to the south-west, while dolomite is to be had within 20 miles 
by railway. The Katni, which flows past Murwara, is a stream with a drainage 
area of 2.30 square miles above the town, and there is an abundant supply of water 
throughout the year®. 

* If the new line were continued to Bclaspnr a certain quantity of iron would find its wa}' 
to the south-east, but the amount would probably be a small proportiou of the total made. 

' It appears from data kindly supplied to me by Mr. Y. Pout, Besident Enginoer of the East 
Indian Bailway at Jabalpur, that in April last year, when the stream would be almost at its lowest, 
there was a flow of 996 cubic foet per minute. 

A magnificent sheet of water could be formed by throwing a dam across tho gorge, through 
which tho Katni flows just west of Murwdra, and a sufficieut head of water perhaps obtained to 
work heavy machinery ; to ascertain the exact fall obtainable would require actual levelling. The 
reservoir, however, could unfortunately only be made at tho exponso of submerging a large area of 
cultivated land. 
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On Lateritic and other Manganese Ore occurring at Gosnlpnr, Jabalpur District, hy 
F. R. Mallet, F.G.S., Geological Survey of India. 

In a previous volume of tbe Records ^ some account is g^ven of the manga¬ 
nese ore at Gosulpur, which was visited by the Superintendent of the Geological 
Survey in 1879. The sections then available for examination were very poor 
indeed, but, judging from which could be seen, Mr. Medlicott thought that a 
large supply of the ore could probably be depended on. The following year a shaft 
was sunk with a view of testing the richness of the deposit. When this had reached 
a depth of 20 feet, the engineer in charge reported “ that all trace of the ore was 
lost at a depth of 9 feet from the surface, at which depth a yellow subsoil, resem¬ 
bling ochre, was entered; that about cubic feet of ore were obtained, and even 
this small quantity of rather an inferior quality; that in consequence I recom¬ 
mended and discontinued operations.” As this discouraging result was at variance 
with the hope previously entertained of a considerable supply, I was directed to 
take the opportunity, while in the neighbourhood recently, of visiting the locality 
and seeing how the discrepancy was to be explained. 

The shaft is dug on the site of the pre-existing holes examined by Mr. Medli¬ 
cott, from which the ore had been extracted for use in glass-making at Murwara 


and elsewhere. The section comprises—- 

Feet. 

a. Laterite . . . . . . . . . 4 to 5. 

h. Manganese ore . . . . . . . .. 2 „ 2i. 

e, Laterite containing some nodules of manganese ore, about . 6 


d, Diatintegrated quartz schist dipping at a high angle (to bottom of shaft) 7 

The manganese ore 5, which, as mentioiffed in the previous notice 2, ispyrolusite 
mixed with some psilomelane, occurs in the form of irregular spongy nodules 
varying in size from a fraction of an inch to several inches diameter, and averag- 
ing perhaps half an inch to 1 or 2^nches. These seem to constitute an irregular 
layer, which is 2 feet thick, or rather more, at the shaft. It is exposed in 
two or three other places within a length of 20 feet. The level varies somewhat 
even in this short distance, and, as pointed out by Mr Medlicott, the ore found 
in the village well, 120 yards to the east, is at a lower level than that 
at the shaft. This difference is, I think, to be ascribed to the laterite (including 
the ore) having been deposited on an irregularly denuded floor of Bijdwar rocks. 

There is little or no laterite of the ordinary (ferruginous) type included in 
the manganese stratum, and the separation between this stratum and the laterite 
above is tolerably well defined; that between the manganese and the laterite below 
is not so well marked, the laterite containing occasional nodules of pyrolusite 
through it. The laterite above and below the ore looks somewhat like the detrital 
variety, V)ut experience elsewhere has led me to believe that the rock laterite ® has 
a tendency to disintegrate intg a mass of irregular nodular fragments, which bear 

*Vol. XII, p. 99. 

* Hid, p. 100. 

• By ‘rock laterite’ I mean tbe first form of laterite mentioned on page 117, The term is no 
doubt open to criticism, but b convenient and serves to avoid circumlocution. 
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a V 817 close resemblaiice to tbe detrital form. Taking into acconnt tliat no dis. 
tincily foreign matter is visible in the rock in question; that undoubted rock late> 
rite occurs close by; and that the manganese ore is pyrolusite, not psilomelane (a 
point to which I shall allude again), I do not think there can be any reasonable 
doubt that the laterite, inclusive of the ore, is rock laterite, not detrital. Such 
is the view which Mr. Medlicott also took : “ This laterite is of the older type; at 
least in the exposed sections I could not detect any palpable debris, which gene¬ 
rally characterises the secondary or detrital laterite. It is therefore presumable 
that the lumps of ore are in rate, and that the manganese is an integral component 
of the laterite in this position.” ‘ 

With reference to the original source from which the manganese was derived, 
it is I think scarcely open to doubt that it is to be sought in the strong band of 
manganiferons micaceous iron which outcrops along the southern side of the Lora 
range and again at Gosalpur*. But, as 1 ssdd in the preceding paper, the man> 
ganese in this ore occurs mainly, if not entirely, in the form of psilomelane, 
while the manganese of the laterite is mainly pyrolusite. The latter, therefore, 
cannot be the result of mere mechanical degradation and transport, unless it be 
supposed that the nodules in which the ore occurs are pebbles, originally of one 
mineral which has subsequently been changed into another. This mode of origin 
is rendered very unlikely by the absence of any other recognisable debris in the 
manganese stratum. 

If the latter be not a mechanical deposit, it must be a chemical one. Carbonate 
of manganese being, like carbonate of iron, soluble in water holding carbonic acid 
in solution, the former metal is capable of being leached out and re-deposited in the 
same, or nearly the same, way as the latter*. During the deposition of the main 
stratum of manganese ore, the water appears to have held little but manganous 
carbonate in solution, while at the time the laterite below was formed, ferrous 
carbonate was the chief substance dissolved, but with some manganous salt, the 
manganese subsequently separating itself into nodules by segregatory action. 
Specimens may be obtained consisting in part of ordinary laterite, and partly of 
manganese oxide. 

The occurrence of this manganese laterite, interbe*dded with ordinary ferrugi¬ 
nous laterite, furnishes, I think, strong evidence in favour of the view as to the 
origin of the latter which I have advocated in a former paper *, namely, that 
laterite is (in as far as the iron is concerned) a chemical deposit due to the 
leaching out and redeposition of iron through the agency of decaying vegetation 
and the carbonic acid produced by its decomposition. I of course am speaking of 
the first only of the three forms of laterite which I believe are now generally 
recognised, viz 

1st .—Laterite due to deposition, and excluding the 3rd form. 

2n(i.—Laterite due to the alteration of other rocks in situ *. 

* Vol. XII. page 99. 

* Page 102. 

* Firfe Vol. XIV, page 145. 

* Jbid, page 139. 

‘ Some example! of this form are noticed in the preceding paper, pages 97, 98. 
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3rd .—Detrital laterite due to the denudation and redeposition of the 1st or 
2nd form. 

With reference to the amount of manganese ore obtainable, it is not easy to 
form any decided opinion. I think, however, that there is a fair chance of the 
layer being somewhat extensive, although very likely subject to much irregulariiy 
in level and the amount of overburden covering it, and perhaps in thickness also. 
When there is a demand for the mineral, the bed might be followed from the present 
diggings, and the superincumbent laterit utilised for road metal on the Deccan 
road which’passes close by. 

It will have been seen that the reason why so little ore was obtained from the 
.shaft was that the latter passes through the manganese stratam into quartz schist 
below it. The shaft, indeed, merely exposed the thickness of the bed, but proved 
nothing as to its lateral extension. 

• In the preceding paper I have pointed out that a considerable quantity of 
psilomelane occurs with the manganiferous micaceous iron at Gosulpur. If the 
latter were worked in connection with iron-making, the psilomelane would be 
raised at the same time, and available as an ore of manganese. On assay it 
yielded 83*20 per cent, of available peroxide, or about the same amount as the 
lateritio pyrolusito. From both sources combined it may be reasonably hoped 
that a considerable supply of ore will be procurable when there is a demand for 
it. 


.‘Further notes on the Umaiia Coal-field (^South Beieah Oondwana Basin), by Theo. 

W. H. Hughes, F.G.S., Geological Survey of India. 

In my notes of last year on the Umaria ^oal-field were embodied the general 
results inferable from the evidence afforded by the preliminary experiments 
carried out under the management of tho Bewah State: that coaly matter 
occurred in abundance; that it lay at a shallow depth from the surface over 
a proved area of square miles ; tfkit it thickened to the deep ; that the gradient 
was low and advantageous for working; and that the quality of the coal at the 
outcrop was encouraging. * 

The promise was a fair one, and from the exceptionally commanding g^gra- 
phical position of the field it required small advocacy to show that if the expect¬ 
ations based on the introductory enquiries were confirmed, a splendid reserve of 
coal had been established. I am happy to say that Captain Barr, the Political 
Agent of Bewah, has keenly appreciated the exigencies of the case, and his fur¬ 
ther sanction has been obtained for carrying out such trials as shall set at rest any 
apprehensions that prudence may give rise to. 

I confess that I have little or no misgiving as to the worth of the Umaria and 
the adjacent Johilla fields, and I have belief enough in my opinion to give 
it expression. But I admit the necessity of verification; and, in view of the 
important issues dependent upon the true practical estimate of these fields, I 
stljongly commend the course that had been suggested of reducing to its narrowest 
Umiis the margin of uncertainty regarding the nature, quality, and permanency of 
their seams. 
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To achieve this object it was determined tlj4t the coal should be approached 
•^pder the ordinary conditions of approved mining. There were two plans open 
oi.ii.ji. . j for adoption, either to drive an incline from the outcrop, or 

to sink a shaft to the scam. The second method was pre¬ 
ferred, as being in every sense more workman.like, and as affording more scope 
for eflBciently dealing with an influx of water; and on the 11th March 1B83, a pit 
of 10 feet internal diameter was commenced under the charge of Mr, Thomas 
Forster, M.E. 

The position of the pit is near No. 8 bore-hole, where Mr. Stewart struck coal 
at 93 feet from the surface and recorded the thickness of 

co£°S*To.°8bo‘re.hS.' ^ a strong wish to go further 

y . to the deep towards No. 9 bore-hole, but 1 was deterred 

by the dread of water, and the possibly heavy outlay that would have to be 
incurred for pumping machinery. 

In an untried field it is always impossible to gauge the water difficulty, and 
I selected the spot for the trial shaft where I anticipated the least amount of 
inconvenience on this score. The choice has been up to the present justified by 

the results, for though the shaft is 40 feet deep one work¬ 
man occasionally bailing suffices to keep it diy. Should 
the pleasant expectation that this fact gives rise to be strengthened by further 
experience, I would eertainiy recommend another pit near No. 9 bore-hole 
being put down. In the future development of the field, it would act as a 
ventilation channel; and in the initiatory stage it would yield another point where 
the quality of the coal might be judged. 

According to the journals of last year, two scams measuring respectively 
10 feet and 6 feet were passed through in No. 9 boring. 

No, 9 bore hole. j remember that the coal brought up in the sludger was 

very clean and bright. The section of the hott is as follows:— 


Water. 


No. 9 bore-hole. 


No. 9 bore-hole— 


1. 

Blaek surface soil ....... 

1' 0" 

2. 

Brown sandy soil ........ 

7' 0" 

3. 

Brown sandstone ....... 

9' 0" 

4. 

Bed sandstone ........ 

:jo' 0" 

6. 

Carbonaceous sbal^ sandHtono ..... 

3’ 0" 

6. 

Carbonaceous sandstone ...... 

13' 0" 

7. 

Coal .. i ...... - 

2' 0" 

8. 

Carbonaceous sbnl4 ....... 

1' 0" 

9. 

Carbonaceous shaljl sandstone ..... 

3' 0" 

10. 

Coal .. 1 ...... . 

Iff ff‘ 

11. 

Carbonaceous shal]! sandstone ..... 

3' 0" 

12. 

Carbonaceous shale 

1' 0" 

13. 

Coal 

2' 0" 

14. 

Carabouaeeous shafe ....... 

1' 0" 

15. 

Coal . . \ . • m ■ 

ff ff' 


Total 


92’ O' 
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As the trial shaft has not yet reached coal, I hare not mnch to comment 
upon ; but I would explain that a more favourable record of labour could have 
been shown had local skilled ariizaus been available, and had not vexations 
delays occurred in procuring and transporting the mining plant, and in gathering 
together the necessary building materials. It has also been a misfortune that 
Mr. Forster was continuously indisposed, and that his illness at one time was so 
aggravated that he had to go to Jabalpur for European medical advice. Not¬ 
withstanding all these drawbacks, very fair progress has been made; and com¬ 
pared with the experience during the early days in the Wardha Valley coal-iield, 
there is considerable room for congratulation. 


The main operations are those in connection with the shaft and the workings 
that will be extended from it; but in order to gain some immediate information 
respecting the seam, and at the same time win a little coal for night fires, smiths 
fires, limestone burning and brick burning, a'narrow (i-feet incline was driven 
^ ^ down to the deep from the quarry made last year. It has 

c me 6 wi e. been advanced a distance of 20 yards. Throughout that 

length the seam retains nearly the thickness that it has at the outcrop, and for 
comparison I give the sections that are seen at the extreme ends of the incline. 


Outcrop (1882). Heading (1883). 


(«) 

Coal hard 

6" 

10" 

(i) 

Stony band 

1" 

li" 

(o) 

Coal bright 

6" 

r 

(d) 

„ hard 

7" 

6" 

<e) 

„ bright 

6" 

6" 

(f) 

bard 

4" 

li" 

(s) 

Stone band 

2" 

1" 

{hj 

Coal hard 

2' 0" 

2'O' 


Mr. Forster says that the coal ^wurks easily, and that there is a thin band of 
soft shale under the bottom of the seam which will faci- 
Mt. Forster s opinioa pricking, and so reduce veiy materially the amount 

OZ bU6 SCfllUa 

of waste. The roof is an excellent one, and not a single 
stick of timber has been required to support it. This is a most favourable feature 
in the estimation of the seam, for when a roof is bad the expenditure under the 
heading of timber forms a considerable item. With respect to the quality, the 
bottom 2 feet and the bright coals are excellent; but the hard band lettered (d), 
and which varies in thickness, would have to be picked out, as it clinkers very 
easily. The addition to the cost of getting the coaJ that this picking would 
entail might bo set down at quarter of an anna a ton. 

The operations are not snflSciontly advanced yet to yield facts on which to base 
conclusive inferences ; but I may venture to say that the aspect of afiEaira up 
to the present is not discouraging. ^ 

The amount so far expended on the works and establishment is Rs. 8,000, 
and a farther sum of Rs. 10,000 has been allowed for the 
pea iture. compietion of the enquiry, including the raising of 500 
tons of coal. 
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At a small additional cost the Johilla vyalley seams can be tested, as the 
Jaliilla Beams necessary machinery and other plant will be at hand, and 
trained men will be available. I would strongly urge that 
these seams be not overlooked, and a less elaborate method of procedure to that 
adopted in the Umaria field may be followed. 

A period of six or seven months ought to be quite time enough in which to 
carry out the plans now in hand, and by the end of the next working season, I 
trust we shall be able to give practical answers to all practical questions. 

IJhabia, 

23r(f May 1882. 


DONATIONS TO THE MUSEUM. 

Lonort, 

Coal from Eywauing, Henzada, Burma. 

Thk Chief Comuissioheb, Bubma. 
Auriferous quartz from various localities in the Nilgiri district, Madras. 

R. Bbottoh Sktth. 

Tinstone from Mt. Bischof, Tasmania. 

W. G. Olphbbts. 

Heulandite from Dumbartonshire, and two concretions from the Permian limestone of 
Sunderland. 

Db. G. Watt. 

Bed hematite, micaceous iron, and limonite from the Jabalpur district, with a bloom of iron 
smelted from each ore; also pyrolusite from Gosulpur. 

W. G. Olfhebis. 

A slab of Bhanrer sandstone with dendritic markings, from near Satna, E. 1. B. 

* G. Feddie. 

Opal in a ferruginous matrix, from Queensland. 

G. Nevill. 


ADDITIONS TO THE LIBRARY. 
Fboh 1st Januabt to 31st Mabck 1883. 


Titles of Books. Donors. 

Abich HEBBMAEir. —Geolojische Porschungen in den Kaukssischen Landern. Theil II, 
with Atlas |l882), 4to. & fol., Wien. 

Bbonn’s.— Klassen und Orqnungen des Thier-Beichs. 

Band I, [Protozoa, Hef. 14—19. 

« Band Abth. Ill, Beptilien, Lief. 36 (1882), 8to., Leipzig. 
Capellini, G.—Congr^s Gdlilogique International. 2me Session, Bologne, 1881, (1882), 8vo., 
* pht., Bologqs. 


The Authobs 


Catalogue of the Jeypore Exhibition for Indian Raw Produce, Arts and Manufactures (1883), 
8vo., Calcutta. 


Thb Hont. Sect. 

Church, Abthub Hbbbebi.— Laboratory Guide for Agricultural Students, 5th Edition 
(1882), Byo 4 London. 
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Titlea qf Books. ^ Donors. 

Deaoriptire Catalogue of Articles exhibited at the Calcutta Exhibition of Indian Art Manu¬ 
factures, 1882, held at the Indian Museum in January 1882, (1883), dsct)* 
Calcutta. 

The Sbcbetaby, 

Dbwabque, M. G.—Sur la nouvelle note de M. E. Dupont concernant sa revendication de 
priority (1882), 8vo., pht., Bruxelles. 

The Authob. 

Dutton, C. E.— Report on the Geology of the High Plateaus of Utah, with Atlas, (1880X 
4to., Washington. 

Hbbb, Db. ObwaIiD.—F lora Fossilis Arctica, Band VI, Abth. 2 (1882), 4to., Zurich. 

IIOFFUEISTEB, Db. Wbbneb. —Travels in Ceylon and Continental India, including Nepal 
and other parts of the Himalayas, to the borders of Thibet (1848), 8vu., 
Edinburgh. 

Keane, Auoustus H.—Asia, with Ethnological Appendix ; edited by Sir Richard Temple 
(1882), 8to., London. 

LasauIiX, De. A. Von. —Elemente der Petrographie (1876), 8vo., Bonn. 

Novak, Db. O. —Studien an Hypostomen Bohmischer Trilobiten (1880), 8vo., Prag, 

The Authob. 

„ Fauna der Cyprisschiefer des Egerer TertiSrbeckens (1877), 8vo., Vienna. 

The Authob. 

„ Ueber Gryllacris Bohemica einen neuon Locustidenrest aus der Steinkohlen- 
fonnation von Stradonitz in Bohmen (1880), 8yo., Wien. 

The Authob. 

„ Bemerknngen zu Kayser’s “ Fauna der jSltcren Devon-Ablagerungen de 
Harzes ” (1880), 8vo., Wien. 

The Authob. 

„ Beitrag zur Eenntniss der Bryozoen der Bohmischen Kriedeformation 
(1877), 4to., Wien. 

The Authob, 

„ Ueber Bohmisohe, Thiiyngische, Greifensteiner and Harzer Tentaculiten 
(1882), 4to., Wien. 

The Authob. 

Qubnstedt, Fb. Auo.— Handbuch der Petrefaktenkunde. Aullage 3, Lief 6—7 (1882), 4to. 

Tubingen. 

„ Petrefactenkunde Deutschlands, Band VII, heft 3, Gastropoden 

(1882), 8vo., Leipzig. 

Bausat, Alexandeb.—R udiments of Mineralogy, 2nd Edition (1874), 8vo., London. 

Renault, M. B.—Cours de Botanique Fossile. Annde III, Fongbres (1883), 8vo., Paris. 

Richthofen, Babon F.—The Natural System of Volcanic Rocks, Vol I (1868), 4to., San 
Francisco. 

Rosenbubch, H.— Mikroskopische Physiographie der Massigen Gesteine (1877), 8vo., Stutt- 
gart. _ • _ ^ 

The Norw^ian North.Atlantic Expedition, 1876-1878, VIII Zoology; Mollusca I, Buccinid®, 
by Herman Freile; IX Chemistry by Ludwig Schmelck (1882), 4to., Chris* 

. tiania. 

Edl. Commbe., Nobweghan NoaiH-ALTANTic Exfbdition. 

Zru*”. , Db. Febuinanu.— Untercuchungen iiber die Mikrosk<^i8ohe Zosammensetzung nnd 
Structur der Basaltgesteine (1870), 8vo., Bonn. 
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Titles of Boohs. Donors. 

ZiTTEi. .KaeIi. a.—H andbaeli der Palseontoloffie, Band I, Abth. II, Lief 2 (1882), 8vo., 
• Miincben. 


PERIODICALS, SERIALS, &c. 

Annalen der Physik and Chemie, Neae Folge, Band XVII, No. 13, & XVIII, Nos. 1— 
(18S2<83), 8vo., Leipzig. 

Annales des Mines, 8me Se'rie, Vol. I, livr. 4 (1882), 8vo., Paris. 

L’AoMiifs. DBS Mines, 

Annales des Sciences Naturelles, 6nie S^rie, Botanique, Tome XIV, Nos. 4 to G, & XV, No. 1, 
(1882-83), 8 to., Paris. 

Annals and Magazine of Natural History, 6th Series, Vol. XI, Nos. 61—63 (1883), 8vo. 
London. 

Athensenm, Nos. 2876—^2888 (1882-83), 4to., London. 

Beibliitter zu den Annalen der Physik und Chemie, Band VI, Nos. 11 & 12; VII, No. 1, 
(1882-83), 8to., Leipzig. 

Bibliothbque Universelle. Archives des Sciences Physiques et Naturelles, Pdriode, Tome 
VIII, Nos. 9—11 (1882), 8vo., Genbve. 

Bibliothbque Universelle et Revue Suisse, 3me Pdriode, Tome XVI, Nos. 47 Jk 48 ; XVII 
No. 49 (1882-83), 8vo., Lausanne. ’ 

Botanisches Centralblatl^ Band XII, Nos. 9—13, and XIII, Nos. 1—7 (1882-83), 8vo., 
Caisel. 

Chemical News, Vol. XLVI, Nos. 1202—1205; and XLVII, No. 1206—^1214 (1882-83), 4to., 
London. 

Colliery Guardian, Vol. XLIV, Nos. 1144—1148 ; and XLV, Nos. 1149—1156 (1882-83), 
fob, London. 

Das Ausland. Jabrg. LV, Nos. 49—62 ; and LVI, Nos. 1—8 (1882-83), 4to., Miinchen. 

Geological Magazine, New Series, Decade ^l, Vol. IX, No. 12.; and X, Nos. 1—3 (1882-83), 
Bvo., London. 

Iron, Vol. XX, Nos. 517—520 ; and XXI, Nos. 621—629 (1882-83), fob, London. 

Journal de Conohyliologie, 3me, Sdrie, Tome XXII, No. 3 (1882), 8vo., Paris. 

Journal of Science, 3rd Series, Vol. IV, No. 108 ; aid V, No. 109 (1882-83), 8vo., London. 

The Editob. 

JosT, Db. Lbop.—B otanischer Jahresbericht, Jahrg. VI, A^bth. II, heft 4 and 5 ;and VII, 
Abth. n, heft 2 (1882-83), 8vo., Berlin. 

London, Bdinburgn, and Dublin Philosophical Magazine, and Journal of Science, 6th Series, 
Vol. XV, Nos; 91—93 (1883), 8vo., London. 

Mining Journal, with Supplement, Vol. LII, Nos. 2467—2471 ; and LIII, Nos. 2472—2479, 
(1882-83), fol., London. 

Naturae Novitates, Nos. 24—$5(1822), and Nos. 1—4 (1883), (1882-83,) 8vo, Berlin. 

Nature, Vol. XXVII, Nos. 681^-696 (1882-83), 4to., London. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie, Jahrg. 1883, Band I, heft 1 
(1883), 8vo., Stuttgart. 

„ n Beilage-Babd. heft 2 (1882), 8vo., Stuttgart. 

PalaeontographicB, Band XXIX> Rob 2 (1882), 4to., Casseb 

Petermann’s Geographische Mttheilungen, Band XXVIII, No. 12 ; and XXIX, Nos. 1—3, 
(1882-83), 4td, Gotha. 

Quarterly Journal of Microscopical Science, New Series, Vol. XXIII, No. 89 (1883), Svo., 
London. * 

Zoological Record for 1881, Vd. XVIII (1882), 8vo., London. 
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Titles of Books. Donors, 

GOVERNMENT SELECTIONS. REPORTS. Ac. 

Bokbat.—R eport on the Adminiatration of the Bombay Freaidency for 1881-82 (188^. 
8to., Bombay. 

Bombay Gotxbkmbny. 

Beitism Bobma. —Report on the Administration of British Bnrma during 1881-82 (1882), 
flac., Rangoon. 

Chibb Commissionbb of Bbitish Bttbma. 

INBIA.—Catalogue of books in the Library of the Intelligence Branch of the Quarter Master 
General’s Dept, in India. Part I, Nominal Order, with Acoeasions to 30th 
June 1882. Fart II, Classified Order (1882), 8to., Simla. 

Qvab. Mabisb Gbni.., lNTBi.ii. Bbanch. 

M Extract from General Walker’s Report on the Operations of the Survey of India 
for the year 1881-82. The Earthquake on the 31st December 1881 (1882), 
fisc., Calcutta. 

SiTBTBYOB GbnBBAL OF InDIA. 

„ Indian Meteorological Memoirs, Yol. Il, port 1 (1882), 4to., Calcutta. 

MBTEOEOtOOICAL EeFOETEE TO GoVT. OP IbDIA. 

„ Registers of Original Observations in 1882, reduced and corrected, January and 
February 1882 (1882-83), 4to., Calcutta. 

Mbtbobolooicab Rzfobteb to Govt, of India. 

„ lust of Ofilcers in the Survey Departments on Ist January 1883 (1883), fisc., 
Calcutta. 

Rev. and Aqbi. Dept. 

„ Ross, Libtit. Coll. E. C.—Report on the Administration of the Persian Gulf 
Political Residency, and Muscat Political Agency for the year 1881-82 
(1882), 8ro., Calcutta, 

' Fobeion Dbpabtuent. 

MadbaS. —Report on the Administration of the Madras Presidency during 1881-82 (1882),. 
8vo., Madras. 

• Madbas Govt. 

U, W. PaoviNCES.—W hite, EDMUND.^Report on the Census of the N. W. Provinces and 

Oudb, 1881 (1882), fisc., Allahabad. 

, Govt. N. W. P. andOddh. 

„ „ Do. do. and Supplement (1882), fisc., Allahabad. 

Rev. and Aobi. Dept. 

PuNJAB.-^Report on the Administration of the Punjab and its Dependencies for 1881-82 
(1882), 8vo., Lahore. 

Punjab Govt. 


TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac. 


Amstebdah. —Jaarboek van het Mijnwezen in Nederlandsch Oost-IndiS, Jahig. XI, No. 2 
(1882,) 8vo., Amster^m. 


Nbtebbunds Coboniai Dbpabtmbnt. 
BasB£. —Verhandlungen der Naturforschenden Gesellschaft in Basel, VoL II, heft 2, pp. 
137—168, and hi^ 8., pp. 249—296 (1869), 8vo., Basel. 

Teb Socibty. 

Beblin.— Sitzungsberichte der Eoniglioh. PreussiSchen Alademie der Wissenschaften zn 
Berlin, I-XVIf (1882), 4to., Berlin. 


Teb Acadbmy. 
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Titlea ftf Booha. Bonora, 

Bbbuit.— Zeitschrift der DeutBohen Geologischen Qesellscbaft, Band XXXIY, hefb 3 (1882)i 
• 8to., Berlin. 

The Society. 

BpilBaT.—Journal of the Bombay Branch of the Boyal Asiatic Society, Yol. XV, No. 40, 
(1883), 8to., Bombay. 

The Society. 

Boston. —^Proceedings of the American Academy of Arts and Sciences, New Series, Vol. IX 
(1882), 8vo., Boston. 

The Academy* 

„ Memoirs of the Boston Society of Natural History, Vol. Ill, Nos. 4—6 (1882), 
4to., Boston. 

The Society, 

„ Proceedings of the Boston Society of Natural History, Vol. XXI, parts 2—3 
(1882), 8yo., Boston. 

The Society. 

Bbesdad.— Neunnndfunfzigster Jahres-Berieht der Schlesischen Gesellsohaft fiir Vatcrlan 
dische Cultur fiir 1881 (1882), Svo., Breslau. 

The Society. 

Bbussels. —Bulletin de la Socidt^ Boyale Beige de Gdographie, Ann^e VI, No 6 (1882), 
8vo., Bruxelles. 

The Society. 

„ Bulletin da Musde Boyale d'Histoire Naturelle de Belgique, Tome 1,1882. 
Nos. 2—3 (1882), 8vo., Bruxelles. 

, The Museum. 

„ Extrait du Bulletin du Musde Boyale d’Histoire Naturelle de Belgique, Tomli 
I (1882), 8vo., Bruxelles. ^ 

The Museum. 

„ Musde Royale d’ Histoire Naturelle de Belgique. Service de la Carte Gdologique 
du Royaume. Explication do la F.enille de Ciney, par B. Dupont et Michel 
Mourlon. With fol. maps (1882), Swo., Bruxelles. 

The Museum. 

„ Prochs-Verbal de la Soci^td Royale Malacologique de Belgique, pp. LXXV- 
CLIV (1882), 8vo., Bruxelles. 

The Society. 

Bueeado— Bulletin of the Buffalo Society of Natural Sciences, Vol. IV, No. 3 (1882), 8vo., 
Buffalo. 

The Society. 

Calcutta. —Journal of the Asiatic Society of Bengal, New Series, Vol. L, Extra No. to 
Part I (1882), j^nd Vol. LI, Part I, Nos. 3 and 4, and Part II, Nos. 2—4 
(1882*83), 8ro., Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. IX-X (1882), and No. I 
(1883), (1882-88), 8vo., Calcutta. 

The Society, 

„ Memoirs of the Geological Survey of India, Vol. XIX, Part 3 (1883), 8vo., 
Calcutta. * 

Gbolooical Susyey oe Indu. 
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Calcutta.— -Palffiontologia Indica, Series XII, Vol. IV, Part 1; Series XIII, Vol. I, Part 4, 
faso. 1; Series XIV, Vol, I, Part 3, faso. 2: and series X, Vol. II, Part 4 
(1882), 4to., Calcutta. 

Gsolooioal Subvsy ov Ikuia. 

„ Records of the Geological Survey of India, Vol. XVI, pt. 1 (1883), 8vo., Calcutta. 

Geological Suevbt of Ikuia. 

„ Report of the Archeeological Survey of India, Vol. XV (1882), 8vo., Calcutta. 

Home DefabtmeEt. 

Cahbbidge, Mass. —Annual Report of the Curator of the Museum of Comparative Zoology 
for 1881*82 (1882), 8vo., Cambridge. 

The Museum of Compabativb Zoology. 

Cambbidoe, Mass. —Memoirs of the American Academy of Arts and Sciences, New Series, 
Vol. X, Part 2 (1882), 4to., Cambridge. 

The Academy. 

CoPEKHAGEN.—'Mdmoires de 1' Academie Royale de Copenhague, 6me Sdrio, Vol. I, Nos. 6— 
8, and II, No. 3 (1882), 4to., Copenhagen. 

The Academy. 

„ Oversigt over det kong. danske Videnskabemes Selskabs, No. 2 (1882), 8vo., 

Copenhagen 

The Academy. 

Dehba Due. —Account of the Operations of the Great Trigonometrical Survey of India, 
Vols. VII and VIII (1882), 4to., Dehra Dun. 

Gbkat Tbigonometbical Subvey of India. 

Dbebdee.— Sitzungsberichte nnd Abhandlungen der Natiirwissenchaftlichen Gesellschaft 
Isis in Dresden, Jahrg. 1882, Juli bis Dec. (1883), 8vo., Dresden. 

The Society, 

Rdiebubgh. —Proceedings of the Royal Society of Edinburgh, Vol. X, Nos. 104—106 
(1878-80), 8vo., Edinburgh. 

The Society. 

Glabus. —Verhandlungen der Schwcizerischen Naturforschenden Gesellschaft in Linthal. 
65 JahieBversammsungVahiesbericht 1881-82 (1882), 8vo., Glams. 

The Society. 

Glasgow.— Proceedings of tbf Philosophical Society of Glasgow, Vol. XIII, No, 2 (1882), 
8vo., Glasgow. 

The Society. 

Habbibbubg.— Second Geological Survey of Pennsylvania: Report of Progress T®. The 
Geology of Bedford and Fulton Counties, by J. J. Stevenson (1882), 8vu., 
Harrisburg. 

Pbof. j. .j. Stbveeboh. 

Hobabt Town.— Monthly Notices of Papers and Proceedings and Reports of the Boys^ 
Society of Tasmania for 1879 to 1881 (1880-82), 8vo., Hobart Town. 

The Society, 

Lohdoh. —Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XII, 
No. 2 (1882), 8vo., London. 

„ Journal of the il^yal Asiatic Society of Great Britain and Ireland, New Series, 
Vol. XIV, pt. 4 (1882), 8vo., London. 

The Society. 

„ Journal of the Soci^y of Arts, Vol. XXXI, Nos. 1568—1680 (1882-83), Svo., 
London. 


The Society. 
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Loin>oir«'—List of -Fellows and Honorary Members of the Greological Society corrected to 

• Ist November 1882 (1882), 8vo., London. 

Thk Soceett. 

„ Quarterly Journal of the Geological Society, Vol. XXXVIII, Part IV, No. 162 
(1882), 8ro., London. 

The SociBTt* 

„ Proceedings of the Royal Geographical Society and Monthly Record of Geography, 

New Series, Vol. IV, Nos. 11-12; and V, No. 1 (1882-83), 8vo., London. 

The Society, 

„ Proceedings of the Zoological Society of London for 1882, Part III (1882), 8vo., 
London. 

The Society. 

„ Transactions of the Zoological Society of London, Vol. XI, pt. 7 (1882), 4to., 
London. 

The Society. 

Mahbid.—B oletin de la Sociedad Geographica de Madrid, Tome XIII, Nos. 5, 6 (1882), 8vo., 
Madrid. 

The Society. 

Manohbsteb.—T ransactions of the Manchester Geological Society, Vol. XVII, Parts I—IV 
(1882-83), 8 VO., Manchester. 

The Society. 

Melbottske.—R eports of the Mining Surveyors and Registrars for quarter ending 30th 
September 1882, (1882), fisc., Melbourne. 

Mixiira Defabthbnt, Victobia, 

MinkeapoIiIB.—B ulletin of the Minnesota Academy of Natural Sciences, Vol. II, Nos. 2, 3 
(1881), 8vo., Minneapolis. 

The Academy. 

Moscow.—Balletin de la Socidtd ImpdriaJe des Naturalistes de Moscow, Ann^ 1881, No. 
4, and 1882, No. 1 (1882), 8vo., Moscow. 

The Society. 

„ Table G^ndrale et Systematiqne des Matieres du Bulletin de la Socidt^ Imp^riale 
des Naturalistes de Moscow, Anfldes 1829-81 (1882), 8vo., Moscow. 

The Society. 

New 2iEAlAED.—Catalogues of the New Zealand Diptera, Orthoptera, Hymenoptera, with 
descriptions of the species (1881), 8vo., New*Zealand. 

CoiiOEiAL MirsBiTit, New Zealand. 

„ Reports of the Geological Explorations daring 1881, with Maps and 

Sections (1882), 8vo., New Zealand. 

Colonial MtraBCM, New Zealand. 


Pabis.— Bulletin de la Socidtd Gdologiqne de France, 3me. Sdrie, Tome X, Nos. 1, 3—6; 
VII, No 11; VIII, No. 7 (1878-82), 8vo., Paris. 

The Society. 

Philadelphia.— Journal of the Franhlin Institute, 8rd Series, Vol. LXXXIV, No. 6; 
LXXXV, Nos. 1-2 (1882-83), 8vo., Philadelphia. 

The Instithte. 

„ Proceedings of the American Philosophical Society, Vol. XX, Nos. 110, 

111 (1881-82), 8vo., Philadelphia. 

The Society. 

Boms.— Acti della B. Accademia del Lincei, 3rd Series^ Transnnti, Vol. VII, fasc. 1—3 
(1882), 4to., Rome. 


The Academy. 
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St. PxTXHSBUKa.—‘BeitrSge znr kenntniss des Bassisolien Beiehes tind der Angrenzenden 
Lander Asiens, 2nd Series, Band V, with Atlas (ISS^, 8y'o., St. PetersboTurg: 

Thx Imfbbiai, Academy. 

„ Mdmoires de L' Acaddmie Imp^riale des Sciences de St.’Fetersbonrg, 

Tome XXX, Nos. 4 and 6—8 (1882), 4to., St. Petersbourg. 

The Academy. 

Sydney. — Annnitl Keport of the Department of Mines, New South Wales, fur the year 1880, 
(1881), 4to., Sydney. 

The Society. 

„ Journal of the Boyal Society of New South Wales, 1881, Vol. XV (1882), Svo., 
Sydney. 

The Society. 

„ New South Wales in 1881 (1882), 8vo., phlt., Sydney. 

The Society. 

„ The Minerals of New South Wales, by Archibald Liversidge, 2nd Bdiiion (1882), 
4to., Sydney. 

The Society. 

Yiekha.—A bhandlnngen der K. K. Geol. Beiohsanstalt, BandYII and X (1882), 4to., Wien. 

The Institdtb. 

„ Jahrbuch der K.K. Geologischen Beichsanstalt, Band XXXII, 2-3 (1882), 4to., 
Nos. Wien. 

The Institute. 

„ Verhandlungen der K. K. Geolo^schen Beiohsanstalt, Nos. 14—17 (1882), and 
No. 1 (1883),' (1882-83), 8yo., Wien. 

The Institute, 

Wabhington.— Annual Eeport of the Commissioner of Agriculture for 1880, (1881), 8vo., 
Washington. 

Dbfabtment of Agbicttititeb, Washington. 

„ List of Foreign Correspondents of- the Smithsonian Institution corrected to 

January 1882, (1882), 8vo., Washington. 

The Instittite. 

„ PowEti, J. W.—First Ani^ual Eeport of the Bureau of Ethnology to the 

Secretary of the SmithsoAian Institute, 1879-80, (1881), Sto., Washington. 

The Institute. 

,, Smithsonian Cimtributions to Knowledge, Vols. XXII-XXIII (1880-81), 

4to., Washington. 

The Institute. 

„ Smithsonian Miscellaneous Collections, Vols. XVII to XXI (1880-81), 8vo., 

Washington. • 

The iNS-niUTE. 


Beport upon United States Geographical Surreys west of the.l(X)dth Meri¬ 
dian, Vol. m, Supple., Geology (1881), 4to., Washington. 

Cafeain Geo. M. Wheeleb. 


Stbtenbon, Prof. John J. —Beport upon Geological Examinations in 
Southern Colorado and Northern New Mexico during the years 1878 and 

1879, (1881), 4to., Washington. 

„ Pboe. j. j. Stbvbnbon. 

United States Geological Exploration of the 40th Pondlel. Odontornithes, hy 
Othniel Cbarlea Marsh (1880), 4to.,.Washington. 

* The United States Geologioae. Susvby. 


Afril 16th, ZS8J. 



RECORDS 


OF THB 

GEOLOGICAL SURVEY OF INDIA. 

Part 8.] 1883. [Atiguat. 

On the microscopic structure of some Dalhousie rocks —By Colonel 0. A. 
McMahon, P.G.S. (With two plates.')^ 

The GNEIS30SE GRANITE. 

lu order to avoid repetition it will be convenient to describe the following 
sample specimens of the Dalhousie granitic rocks together. An account of their 
macroscopical and lithological aspect has already been given in my paper on the 
geology of Dalhousie {supra Vol. XV, p. 34). 

Specimens described. 

No. 1. Porphyritic gneissose granite. Bakrota Upper Mall, Dalhousie. 

„ 2. Ditto from the same locality. 

„ 3. Fine-grained granite from the summit of Dainkund. 

„ 4. Granite from the same locality. 

,, 6. Another specimen from the .same locality. 

„ 6. Gneissose granite on the road from the church to the brewery, south-west 
side of the Dalhousie ridge. * 

„ T. Porphyritic variety on the same road. 

„ 8. Another porphyritic specimen from the san\je locality. 

„ 9. Gneissose granite on the road from the church to the water-works, south¬ 
east side of the Dalhousie ridge. 

„ 10. Another specimen from the same locality. 

,, 11. Fine-grained granite near Chil on the Dalhousie and Chamba lower road. 

„ 12, White granite on the same road about two-thirds of the way to Chil. 

„ 13. Prophyritic variety with very fine-grained matrix, having a superficial 
resemblBn(» to a felspar porphyry. Between Dalhousie and Chil, on lower 
road to Chamba. 

„ 14. A light-coloured gneissose granite from the same locality. 

16. Gneissose granite in actual contact with the slates on the road, to Bakloh 
(above the slate quarries), Dalhousie. 

* It is due to Colonel McMahon to state that this' paper has been hi my hands since the 
16th March, and was in type for the May number of the Records, but bad to be de&rred 
account of delay in obtluning the heliogravure copper-plates^ This was particularly unfortunAte 
when there is so much discussion going on regarding gneissose granite.—H. B. Mbdiucoxt. 
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All the above specimens : qtJjftA as is usually the case in 

granites, this mineral polarises wi|| ^mii^ ^w^^pftcy. The polysynthetic structure 
is extremely prominent, and is ver/^IPpi^kic of the quartz of these rocks. 

Ur. Sorby* states that “the quartz of thm.folmted gneiss and mica schist 
differs from that of granite in having a far less simple optic structure;” * * • 
“instead of the larger portions of quartz being made up of a few comparatively 
large crystals, they are frequently composed of very many closely dove-tailed 
together, as if formed in situ" On the following page he goes on to state : “ I 
have been unable to detect anything that would serve to distinguish the quartz 
of thick foliated schists from that of true granite.” 

An attempt has been made at fig. 1, plate I, to depict the appearance of the 
quartz, as seen in slice No. I, in polarised light. The quartz is seen to be com¬ 
posed of a number of large crystals and of congeries of microscopic grains sug¬ 
gestive of the roe of a fish. The small g^ins polarise as bi'illiantly as the large 
ones, and they add greatly to the beauty of the slices under the polariscope. 

The fish-roe grains for the most part divide large grains of quartz from each 
other, forming a brilliant setting to them ; sometimes this setting is thick, as in 
my illustration, but at others it is limited to a single line of crystals. Cracks in 
felspars filled up with these micro-crystals ai-e common, and occasionally irregular 
branches meander into the interior of large cry.stal8 of quartz. 

Some specimens of granite collected by me on the Grimsel pass, Switzoiland, 
contain exactly similar fish-roe grains intermixed with larger grains of quartz. 

On the whole I do not see sufficient grounds for regai’ding this polysynthetic 
structure as affording evidence of the original clastic origin of the Dalhousie 
rocks. This structure, as seen in these rocks, seems to me rather to suggest that 
the large grains were the result of slow cooling; whilst the fish-roe micro-gKiins 
appear to indicate either a comparatively rapid ending of the pmcess, or condi¬ 
tions of strain towards its* termination. 

The quartz in all the specimens contain liquid cavities with movable bubbles. 
They exist in prodigious numbers in some specimens, whilst in others they are 
sparse; in most, however, ^they are abundant. Air, or gas, cavities are also 
present. 

There are apparently some stone cavities. These appear to have either depo- 
sited a second mineral on cooling, or to have caught up opacite or other similar 
substance in the act of crystallization. Some of them appear to contain fixed 
babbles. These endosures, however, are so exceedingly minute that they cannot 
be satisfactorily determined with the highest powers applicable. Some' microliths 
contain internal cavities, running with the length of the microliths for a poition of 
their length, which undoubtedly indicate shrinkage on cooling. 

Ajl the specimens, without excejition, contain more or less triclinic felspar. In 
some it is rather abundant; in others sparse. It appears firom its optical charac¬ 
ters to be oligoclase. 

ISight oqt of the Ifi slices contain typical microcline, and in some of them it is 
a^jisdant. 

* Aauiverinry Aildress, Q. J. G. S., XXXVI, 48. 



PAAT 3.] McMahon : Microscopic structuri of some Dalhoiisie rocks. 131 

Zirkel at pp. 45, 47, of his Microscopical Petrology of the 40th Parallel, des¬ 
cribes the occurrence of a fibrous orthoclase in gp'anite. A similar felspar is very 
abundant in these rocks. It occurs in all but three of the specimens, the slices 
in which it is not present, namely. Nos. 3,12, and 14, being those in which typical 
microcline is also absent. In every slice in which typical microcline occurs, the 
fibrous felspar is present. It also occurs in three slices in which the typical mineral 
is absent. The fibrous appearance is only observable in polarised light, and the 
felspar in which it occurs seems to me to be a form of microcline. In some an 
incipient cross hatching can be made out; whilst in one, at least, it is distinctly 
visible in parts of the fibrous structure. 

Orthoclase is present in all the slices, though, if the fibrous felspar be included 
under the head of microcline, the latter mineral is more abundant than orthoclase. 
The triclinic felspar (oligoclase) is very subordinate to the orthoclase and micro- 
cline taken together. 

Much of the felspar is very opaque and has a white gli.stening appearance in 
refiected light owing to the presence in it of a multitude of extremely minute gas 
or air cavities. Liquid cavities with movable bubbles also occur here and there 
in the felspar. 

Some of the felspars are studded with numerous microliths of silvery mica* 
which occasionally, in polarised light, impart to the portion of the slice in the 
field of the microscope the appearance of graphic granite. Zirkel, in his work on * 
the rocks of the 40th Parallel (p. 46), notes the occurrence of a similar structui'e 
in the granites of Nevada. 

Many of the orthoclases and microclines contain the usual intergrowths of 
plagioclase and occasionally grains of quartz. Some of the microcline exhibits a 
tendency to inter-laminated structure resembling that of perthite, only it is finer 
grained and less pronounced. The intergrowth of felspar alluded to is quite dis¬ 
tinct from the oi-dinary twinned structure. 

All the specimens contain muscovite, and in all but three biotite is present. The 
muscovite polarises in delicate but brilliant* colours, and some of it is twinned. 
Some of this mica contains inclusions in the line of basal cleavage of a substance 
that is absolutely opaque, and black, in transmitted light, and shines with a bright 
silvery lustre in reflected light. 

M uscovito is present in all these slices, not only in good-sized plates and packets, 
but in a form for which I propose the name of crypto-crystalline mica. In this 
form no definite crystals can l)e made out, the leaflets, under polarised light, fade 
and melt into each other and exhibit no definite shape; whilst no signs of 
cleavage or lamination are visible. 

In transmitted light the ciypto-crystalline mica varies from a pale buff to a 
pale grey colour, and has a superficial resemblance to the base of some felsites and 
rhyolites. In a specimen in my collection, labelled “ Banded felsite, Glencoe ” (I 
did not myself collect the hand specimen from which the slice was made), I find 
a precisely similar structure present, along with quartz, and the ordinary felsitic 
base of felstones. 

The felsitic matrix of felstones is believed to be ^ intimate mixture of quartz 
and orthoclase; and I suspect, from the appearance of some of my specimens. 
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that tho ctypto-crystalliiie strnctare of the mica now described may be due to 
an admixture of quartz with ihe mica. 

The cryptO'Crjstalline mica passes imperceptibly into a condition that would 
require, strictly speaking, the use of the term micro-oiystalline, but in tho 
following pages I purpose calling it all ciypto-crystalline mica. 

This crypto-crystalline mica is present in all the slices. It traverses them 
in ropy masses; sometimes it is extremely attenuated and drawn out into thin 
strings; at other times it widens out into comparatively broad expanses. It 
frequently encloses, or leads up to, crystals of muscovite, and of quartz, and more 
rarely embraces other minerals. It meanders through some large crystals of 
felspar; whilst isolated patches of it are caught up in other felspar crystals. In 
both these last cases it represents, I apprehend, the residuum left after the separar 
tion of the constituents of the felspar. 

All the slices contain magnetite grains and garnets, but in some of them 
both the garnets and the magnetite grains are very minute. 

Six of the slices, namely. Nos. 3, 4, 7, 11, 12, and 13, contain schorl. It is in 
a rather fragmentary condition, and is much cracked, the cracks being Blled with 
quartz. In some cases the fragments appear to have floated some little distance 
^m each other. 

No. 15, a specimen of the gneissose granite in actual contact with the slates 
above the slate quarries, is a very interesting and instructive slice, for it exhibits 
in a typical way what appear to me to be decided indications of fluxion structuro 
consequent on traction. Both the biotite and the crypto-crystalline mica are 
di*awn out into long stringfs in the direction of the flow. This structure is not 
confined to the larger bands, which can be discerned with the aid of a pocket 
lens, but even the microliths of muscovite in the quartz are seen, under the 
microscope, to point in the same direction, and to be drawn out into long trains 
or strings. 

Even more characteristic are the gas cavities. Some of these are themselves 
elongated and drawn out in the direction of the flow, and they are arranged in 
lines pointing in the same direction. Some of the gas cavities have deposited 
granular matter on coolings 

There are also stone cavities, the longer axes of which point in the direction 
of the flow. 

This slice seems to me to exhibit, as far as a granite can do so, as decided 
fluxion structure as that to be seen in rhyoUtes and obsidians. 

An attempt, to give an idea of the appearance of this shoe under the micros¬ 
cope, has been made at fig. 2, plate II, where the bands of ctypto-crystaUiue mica 
and biotite are represented drawn out into strings. 

The quartz, though hyaline in transmitted light, is seen between crossed niools 
to ccmsist almost entirely' of the fish-roe grains, previously described, drawn out 
into lines in the direction of the flow. Possibly this structure may depend on 
stniiis. 

A. pseudo fluxion structure is doubtless to be seen in many gneissic rocks, but 
iliat above described can alqne be attributed, I think, to the action of traction 
in a rock in motion reducod to a plastic condition by heat. 
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Another piece of evidence in fevonr of the conclusion that the fluxion structure 
observable in the slice under consideration is due to traction, is to be found in 
the crumpled appearance of some of biotites. I have sketched one in this slice 
at fig. 4, plate II; a single crystal, one-half of which has been folded over and 
bent back flat upon the other half. This biotite must, I apprehend, have been 
crumpled up and folded over on itself after crystHllization, but whilst the folia 
were still in a somewhat pliable condition. I cannot conceive of a contortion of 
the basal cleavage lines, to the extent represented in the sketch, being produced 
in any other way. A moderate curvature of the basal cleavage lines is not an 
uncommon feature in the mica of some rocks, and I can readily understand how 
this may have been produced, even in the case of mica formed in clastic rocks by 
an epigenital process; for such mica, formed in situ in the spaces between the 
fragments of clastic origin, might often be cramped at the time of formation, and 
its symmetry interfered with, from want of space for its perfect development; 
but I do not think a mica wjuld, from this cause, be completely doubled up in the 
manner represented in the illustration. 

The basal cleavage lines of the mica enclosed in the long ropy strings of 
crypto-crystalline mica are usually at a slight angle to the direction of the flow, 
as represented at fig. 6, plate II, the direction of the flow being east and west. 
The outer edge of these biotites is usually covered with dark fluffy matter. 

The foliation of the slaty portion of No. 16 is parallel to the line of fluxion in 
the granite. 


Bocks next the gneissose granite. 

Considering how important a thorough knowledge of the Dalhousie rocks is in 
determining questions of local geolo^, I propose to give a brief separate descrip¬ 
tion of each of the remaining slices. 

No. 16.—Junction of an intrusive vein, 3 or 4 yards wide, and the slate 
into which it is intruded, close to the main mass of the gneissose granite on the 
road to Mamul, Dalhousie. The actual junetion of the two rocks is seen both in 
the hand specimen and in the slice. 

M.—This slice shows the junction of the two rpcks perfectly. The granitic 
rock possesses the characteristics of some of those already described, being distinctly 
gneissoid, whilst foliation has been sot up in the slate. The structure of the 
slate corresponds closely to No. 19, described further on. 

The slate contains numerous crystals of schorl which do not extend into the 
granitic rock; whilst the latter contains many small garnets, a mineral nob visible 
in the slate. 

There are several points of difference to be noticed between the silvery mica 
of the granitic rock and that of the slate. The sHvery mica of the granite is 
pure looking; is in large leaflets; its basal cleavage is very perfect; and the 
cleavage lines are close together; whilst twinning is not uncommon. The silvery 
‘ mica in the slate, on the other hand, contains numerous inclusions indicating an 
imperfect separation between the several constituents of the slate; it is in small 
leaflets; its basal cleavage is imperfect; and the cleavage lines are sparse; whilst 
there are no indications of twinning. 
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The granitic rock gives several indications of fluxion structure. The crypto¬ 
crystalline mica forms long curving streams in the ground mass, meandering 
about as an Indian river in its sandy bed during the dry months. In some places 
these streams approach each other and join; at others they make wide sweeps and 
diverge considerably. The curves are sometimes gentle, but at others they are 
rather sharp and have a wide radius. Sometimes the streams are broad; at 
others they are split up into innumeiable narrow meandering rivulets; * The dark 
mica also forms ropy-looking masses drawn out in the line of flow. 

An attempt to represent the general appearance of a portion of this slice has 
been made at flg. 1, plate II; whilst at fig. 2, plate I (a), an illustration is given 
of the crumpling of the silvery mica as seen in this slice. 

In some cases the twinning planes of the plagioclase are bent out of the per¬ 
pendicular. I have occasionally seen instances of this in lavas, though it is of 
rather rare occurrence; and it seems to indicate conditions of strain subsequent 
to the ciystallization of the felspar before the mineral had become perfectly rigid 
on cooling. 

Zirkel, at p. 28 of his work already quoted, mentions the presence of fluid 
cavities in the quartz enclosed in ganiets; but the garnets themselves, in this 
slice, contain numerous fluid cavities with movable bubbles. The quartz of the 
granite itself contains fluid cavities about the same size as those in the garnets. 

No. 17.—Argillaceous schist in actual contact with a thick vein of granitic 
rock within 3 or 4 yards of the main mass of the gneissose granite. Same locality 
as the last. It is an indurated rock with minute flecks of mica visible here and 
there. 

M.—In transmitted light the ground mass appears to be homogeneous and 
colourless, but thin and minute flakes of a green mica are thickly disseminated 
through it. Patches of opaque ferriferous material are dappled about over the 
field; whilst the slice is here and there stained with fen-uginous material, and dots 
of yellow and red ferrite are occasionally to be seen. Flakes of colourless mica 
are sparsely scattered about, and there are numerous small fragments of a bluish- 
brown tourmaline. Between crossed nicols the slice presents a dark base re¬ 
lieved by numerous patches qf semi-luminous material presenting highly irregular 
outlines, and bright flecks of mica. 

The slice contains some air bubbles, but no liquid cavities. Some of the 
schorl shows that this mineral has been subjected to heat, and that the air or 
liquid enclosures which they contained expanded and forced a way to the sur¬ 
face of the mineral before its complete consolidation. An illustration of tliis, 
taken from this slice, is given at fig. 7, plate II. 

No. 18.—-Argillaceous schist in actu^ contact with the main body of thegneis- 
sose granite. From the same locality. 

M.—This slice closely resembles the last. There is comparatively little 
schorl,;and it is in very minute prisms. The slice contains numerous dots of 
magnetite. 

No. 12v—An argillaceous schist in contact with a granitic vein, 3, of 4 yards 
wide, close to the main body^of the gneissose granite. From the same locality. 
This is a more distinctly foliated rock than the proceding two specimens. 



PARTS,] McMahon: Microscopic structureV 

M.—The ground-mass consists of qnartz in minute grains. Inter-laminatod 
with this are strings of a fibrous dark-green mica and strings of the crypto- 
drystalline mica which I have shown tu be a characteristic of the gneissose 
granite. Muscovite is also very abundant in tlie slice, whilst crystals of schorl, 
many of them being very minute, ai-e present in great numbers. It is of the 
type and colour of that found in the gneissose granite, and for the most part it 
lies in a ‘'sone corresponding to the plane of foliation, the crystals lying more or 
less at right angles to that plane. The schorl contains numerous enclosures and 
some empty cavities, the contents of which have apparently forced their way 
through the mineral to the surface in the manner already described. The slice 
contains grains of magnetite, opacite, and ferrite, and some minute crj'stals of 
garnet; also one crystal of triclinic felspar. There are no liquid cavities. 

No. 20.—Slate from the, quariy near the gneissose granite on the Mamul 
Road, Dalhousie 

M.—Under the microscope this is seen to be distinctly foliated; quartz, in 
minute granules, alternating with a fibrous green mica that is but feebly dichroic. 
Some very minute and imperfectly formed prisms of tourmaline are scattei’ed 
through the slice. 

Light flocculent clouds of nebulous matter, opaque in transmitted, and 
yellowish-white in reflected light, ai*e also abundant. A sketcli of a portion of 
this slice is given at fig. 3, plate I. 

No. 21.—A spotted schist within a few yards of the gneissose granite, 
Potiuin Hill, Dalhousie. Viewed macroscopically this has a distinctly foliated 
aspect, and specks of muscovite are visible here .and there. 

M.—The ground mass consists of quai'tz in small grannies of very vaned and 
irregpilar shapes, interspersed with cigrpto-crystalline mica that meanders about in 
all directions. 

In this ground-mass are embedded numerous crystals of muscovite, and of a 
dark well-laminated mica, brown in transmitted light. Some of the latter contain 
grains ’of qnaidiz and of magnetite. Magndtito and rounded grains of opacite 
are rather abundant in this slice, which also contains numerous prisms and 
fragmentary pieces of schorl, of the same type» as that in the gneissose 
granite. There are also numerous micro-crystals of garnet. There ai’e no liquid 
cavities. 

At fig. 3, plate II, I have given a representation of a portion of this slice, 
showing the way in which the crypto-crystalline mica and the hyaline quartz are 
intermixed. . The dark portions, in the illustration are intended to represent 
the former, and the uncoloured portions the quaidiz. 

No. 22.—A similar rock a little further away from the gneissose granite, on 
the same road. It is of more spotted appearance and granular texture than the 
last, having lost, in the hajid specimen, all traces of foliation. 

M.—This slice closely resembles the last and requires no separate descrip, 
tion. The crypto-crystalline mica is very abundant. Some of the grains of 
magnetite are of good size. ‘ ' 

No. 23.—A fine-gi’ained silicions schist in coi)iact with the gneissose granite 
on the cart-road, between the Mall and the Ball’s Head Hotel, Sananotala. 
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M.—This is a distinctly foliated rock, and the description given of slice No. 10 
exactly applies to this one. No liquid cavities are present. 

No. 24.—A crystalline granular rook a few yards Iwlow No. 23,,, on the sanfie 
road. 

M.—This exactly resembles No. 22, and is evidently the same rook. The 
quartz contains no liquid cavities. Small rounded fragments of the crypto- 
crystalline mica are included in the quarhs; whilst grains of qtiartz are in¬ 
cluded in all the other minerals. 

In many cases small colourless microliths are attached to rounded grains of 
opacite in a way to suggest, at first sight, that the opacite had on cooling given 
off a gas that had intruded into the adioining matrix. Illustrations of these com¬ 
binations are given at fig- 6, plate II (see upper and left-hand figures). A careful 
study of these groups, however, showed that they are simply due to the accidental 
conjunction of two different minerals. Such forms as that depicted on the right 
han^of this figure seem to show this conclusively. The occurrence of these con- 
junctions, however, is so common that it seems to indicate that the rock was re¬ 
duced to a sufficiently viscid and plastic condition, to allow of microliths moving by 
molecular attraction some little distance, at any rate, towards each other. The 
whole appearance of the slice, and the small rounded dots of crypto-crystalline 
mica included in the quartz, all point in the same direction, and indicate a viscid 
condition. The slice, I may add, contains numerous small rounded cavities 
that ai^ probably due to shrinkage on cooling. 

No. 23.—Another fine-grained silicious schist a few yards further down on 
the same road. ^ 

M.—This presents much the same features as the last slice. The schorl is not 
so abundant, and for the most part is ip small prisms. The dark mica is 
arranged more in strings, and the crypto-crystalline mica is relatively more 
abundant than the quartz. In this slice it is micro-crystalline rather than 
crypto-crystalline. . 

Nos. 26 & 27.—Other speckled varieties of the crystalline granular rock a few 
yards further down on the same road. They contain ma grains of iron-pyrites. 
Sp. G. 2, 74. f 

M.—The description given of Nos. 22 and 24 applies equally to these spe¬ 
cimens. Schorl is abundant. 

The peculiarity of these slices is that they contain a considerable amount of 
zircon, in irregularly shaped granules, intimately intermixed ^ifith grains of quartz. 
Much of the zircon is distinctly dichroic, changing from a white, or faint bluish- 
white, to a delicate tint cl light red. It does not exhibit colours in polarised 
light Owing to its strong double refraction. 

This is the first time that I have met with zircon m situ in Himalayan rocks, 
but a sample of the gold-bearing sands of the Sutlej river, sent me by a friend, 
is fall of well-formed crystalavof this mineral. 

The quartz contains what appear to be stone cavities vrith fixed bubble, whilst 
have either raiught up and enclosed opacite when in a plastic condition or 
have deposited it on cooling, * 
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Uo(^ between the gneissose granite and tJie first outcrop of gneiss. 

The cart-road, from near its jonotion with the Mall, between Thera and. 
Potrain, to near the Bull’s Head Hotel, SanAnot&la, runs a little below the 
junction of the gneissose granite and the schistose rocks. Near the Bull’s Head 
Hotel, on the neck of the Sananot&la spur, the gneissose granite re-appears, 
having been brought down, apparently, by the flexion of the strata. The schistose 
rocks between the gneissose granite on the Mall and the outcrop on the cart-road, 
near the Bull’s Head Hotel, have been described in the preceding pages. The 
rocks, now to be described, are a descending series which crop out on the cart- 
road between the gneissose granite, near the Bull’s Head Hotel, and the mica 
schists at Banikhet. 

No. 28.—A silicious schistose rock in contact with a vein of granitic rock 
cutting through the schists. Viewed macroscopically two sets of lines may bo 
made out with a pocket lens on the cut and wetted face of the hand specimen, 
and in the thin slice ^ the lines cutting each other at an angle of about 40°. 

M.—^Viewed under the microscope one set of lines is seen to be due to partial 
foliation; that is to say, to be due to the development of a tendency on the part 
of the dark mica to segregate in more or less parallel lines. It is noticeable, 
however, that the laminae of the mica are arranged parallel to the second set 
of iines, and not to the lines of dark mica. The mica has segregated into lines, 
but each flake of naica in the line is arranged with its longest axis at an angle 
of about 40° to its own line. 

The second set of lines alluded to are due to the occurrence of lenticular masses 
of crypto-crystalline mica, the lines of which, though discontinuous, preserve a 
pretty constant course in one directiop. Another point noticed is that theSe lines 
of crypto-crystalline mica contain rather numerous microliths of tourmaline, the 
prisms of which point, as the microliths in rhyolite and similar rocks, in the 
direction of the flow. 

These facts appear to me to indicate that the rock was subjected to two differ¬ 
ent processes of contact metamorphism; one process—due to heat~resulting in 
foliation; whilst the second process was probably the injection of matter from 
the granitic rock, possibly in a gaseous or liquid condition, along lines that fol¬ 
lowed the original direction of lamination or of cleavage. 

This observation, which was very unexpected, seems to have an important 
bearing on the point at issue. If the crypto-crystalline mica in the schistose 
rocks adjoining the gneissose granite is not a product ot the original constituents 
of those rocks but has been derived from the granite, the existence of the ciypto- 
crystalline tnina. in the gneissose granite affords no evidence of the metamorphic 
origin of the latter or of its affinity with the schists. 

The general appearance of this slice is closely Similar to those of the.slates in 
contact with the gneissose granite already described. The ground-mass consists 
of granular quartz. A dark green fibrous mica is very abundant, but muscovite 
is comparatively sparse. Schorl, as usual, is present. There are no liquid 
cavities. Ferrite is abundant. , 

No. 29.—A silicious schist adjoining the gneissose granite. 
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M.—This is only a variety of the ^spotted schists already described, as for 
instance Nos. 21 and 22. The crypto-crystalline mica is rather abundant and 
svrells out into large lake-like expansions. I have observed a few stone cavities 
in this slice, one with a fixed bubble, and two with deposits in them. 

Nos. 30, 31, and 32.—Very fine-grained schists, in descending order. 

M.—These may be described together. Under the microscope they approxi¬ 
mately resemble the slaty rock. No. 17. The ground mass consists of micro- 
granular quartz, in which a yellowish-green scaly mica is so abundantly dissemi- 
nated as to nearly pervade the whole mass. In No. 31 it has segregated into 
spotty masses in which it varies in colour, in transmitted light, from a green to a 
rich greenish-orange colour. Some of the mica is fibrous, and is, I think, para- 
gonite. The slices contain grains of magnetite and ferrite, and slice No. 31 
contains, apparently, a little hssmatite. All contain the opaque whitish mineral 
described under No. 20 and micro-prisms of tourmaline. The magnetite is most 
abundant. 

Nos. 33 and 34.—Earthy looking schistose rocks. No. 34 has a strong earthy 
smell, even without breathing on it. 

M.—These exactly resemble 30—32 and need no separate description. No. 
33 contains two minute garnets. In 34 magnetite in micro-grains is abundant. 
In both micro-prisms of tourmaline are plentiful. 

Section below No. 4 Barrack, Ballun. 

No. 35.—A fine-grained schistose rock approaching the slaty type. With a 
pocket lens it is seen to have a fine micsioeous glaze on the splitting surface. 

M.—Under the microscope the rock is seen to be made up of a mesh-work of 
fine fibres, or microliths, of mica, in a quarjbz base. Larger crystals of mica are 
dotted about in it here and there, and stringy agglomerations of the fibrous mica. 
The mica is decidedly dichroic, and each of the microliths polarises rather brilli¬ 
antly. I think the species is probably paragonite. 

The slice contains grains of ferrite, and 1 think very minute grains of mag¬ 
netite j also the flocculent opaque matter previously described. In this slice its 
colour varies from yellowishr to reddish. It is, I think, a product of the altera¬ 
tion of magnetite. 

No. 36.—A very fine-grained, pale bluish-grey, micaceous schist. The mica¬ 
ceous element is much more prominent in this hand specimen than in the last. 

M.—^This rock is so similar to the last that a further description is unneces¬ 
sary. 

No. 37.—A very fine-grained silicious rock approaching the slate type. 

M.—This rock is of the same type as the last two, and consists of a fibrous 
ininiL, probably paragonite, disseminated through a quartz base. It contains a 
long irregular-shaped, lake-like space filled with hyaline quartz that has evi¬ 
dently been formed in sUu, ^e prisms of mica projecting into it along its outer 
edges. It contains some gas enolosuras and a few, very few, liquid enclosures 
with bubbles. 

No. 38.—A buff coloured, jrery fine-grained, friable schistose rook. 

H.—The structure and material are seen to be the same as the last. The 
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mica is of yellowish-green in transmitted light, and it evinces a tendency to 
segregation, forming spots of darker coloar than the ground-mass. There are 
^ome good-sized bits of ferrite. 

No. 39.—A pale greenish-grey argillaceous schist. 

M.—^In both 37 and 39 the lines of original lamination can be distinctly 
traced on the cut surface with a pocket lens. In this rock (No. 39) they have 
suffered some contortion. The lines of incipient foliation are at a liigh angle to • 
the lines of lamination in all three specimens. The microscope shows that No. 39 
is composed of the same constituents as the last few described. The slice 
contains some micro-prisms of tourmaline. 

No. 40.—A very fine-grained micaceous schistose rock. 

M.—This consists of a quartz base in which a yellowish-green scaly mica is 
profusely disseminated. It is doubtless of the same species as the preceding. 
The slice is dotted over with countless cabos and ochihodrons of magnetite. 

No. 41.—Blue micaceous slate above Surkhi-galli. 

M.—This consists of an intimate admixture of quartz in micro-grains and a 
green mica in minute scales. An immense profusion of magnetite grains are 
dotted over the field, mostly in elongated irregular forms, the longer axes of 
which are turned in the same direction. There are numerous micro-prisms of 
tourmaline and very minute crystals of sphene, which require high powers to 
detect. Tn many cases the sphene and magnetite have adhered together. 

No. 42.—A pale blue slate similar to the last, 

M.—This is apparently a very similar rock to No. 41; but the micaceous 
element is more fibrous and colourless. 

No. 43.—A pale french-grey coloured argillaceous schist from the same locality. 

M.—An exactly similar rock to No. 41 except that the magnetite is absent and 
a little ferrite has taken its place. • The micro-prisms of tourmaline and sphene 
are abundant. I observed a liquid cavity in the mica. 

No. 44.—A fine-grained friable whitish mica schist. 

M.—This consists principally of minute scales of a yellowish-green mica and 
some minutely granular quartz. There are numerous air bubbles. I have not 
detected any tourmaline. Minute crystals of sphene are abundant. Magnetite 
and feirite are also present. ’ 

No. 45.— A white wafery schist with a silky gloss on the cleavage surfaces, 

M.—A very similar rock to the last, only the scaly mica is very colourlos.s. 
The grains of magnetite and ferrite are very sparse. Micro-crystals of tourmaline 
and sphene as in the last. There are a few minute garnets. 

No. 46. A light-grey, fine-grained silicious schist. 

M.—The appearance of this rock under the microscope is very different from 
those described from No. 30 downwards. Its afidnities are with the spotted 
schists Nos. 19 and 23, the latter of which it much resembles. It may be 
described as a micro-gneiss, and it consists of lenticular grains (eyes) - of quartz 
and triclinic felspar set in crypto-crystalline mica which flows in ropy masses 
round thonn , The quartz very largely pr*edominates over the felspar ; indeed, the 
latter is sparse. Large flakes of muscovite are present, but no biotite. There are 
some good-sized pieces of schorl of the type present in the granitic rocks - 
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also a few rounded grains of what appears to be sphene. I have not been able to 
detect any liquid cavities even with the use of very high powers. 

No. 47.—Paragonite slate (?)—An extremely fine-grained, french-grey 
coloured mica schist of slaty appearance. 

M.—This has, unfortunately, been sliced so thickly that little can be made out, 
but it does not appear to differ in any essential particular from No. 41. Pounded 
fragments examined under the microscope confirm this impression and show that 
the rock is principally composed of an almost colourless mica in scales and fibres, 
and countless elongated granules of magnetite. The mica appears to be para¬ 
gonite. There are as usual microscopic prisms of tourmaline. 

No. 48.—The pearly mica schist of Banikhet. 

M.—This is closely similar to No. 44. It is principally composed of a scaly 
mica, varying in colour from white to pale green,’ with ferruginous yellow stains 
in spots here and there. There is an admixture of quartz in a finely granular 
condition. The beautiful pearly opalescence of the thin slice, seen in reflected 
light without the aid of a lens, appears to be due to the presence of myriads of air 
or gas bubbles with which this rock is crowded. There are countless elongated 
grains of magnetite; the usual micro-prisms of tourmaline are also present; also 
micro-crystals of sphene. 

Oonclusion. 

The general conclusions at which I have arrived from the detailed study 
of the Dalhousie rocks are as followsFifteen specimens of the g^neissose granite 
from various parts of the Dalhousie ridge, exhibiting some typical varieties of 
structure when examined macroscopically, are seen, when examined with the 
aid of the microscope, to be mere varieties of the same rock. No essential differ¬ 
ence of any kind can be detected between thl^m. All of them contain orthoclase 
microcline, plagioclase, quartz, muscovite, magnetite, garnets, and liquid cavities 
containing movable bubbles. Six of the specimens contain schorl in some abun¬ 
dance, and all but three of the thinj^libes contain biotite. In all the quartz exhi¬ 
bits a polysynthetic structure very prominently, whilst all contain crypto-ciystal- 
line mica. 

Some of the slices give'unmistakable indications of having been reduced by 
hydro-thermal agencies to a plastic condition, and exhibit true fluxion structure. 
It is also important to note that the specimens which exhibit these characteristics 
most prominently are those which show, when viewed macroscopically, a pseudo- 
folmtion, and have consequently a gneissose aspect. 

The rooks are not true granites, but it does not follow from this fact that 
they are necessarily of metamorphic origin. Between the deep-s^ted roots of 
volcanos and the lavas that have actually flowed out at the surface of the earth’s 
crust, there must of course be many gradations. The presence of the crypto- 
crystalline mica in the Dalhousie gneissose granite, that is to say, the presence 
of an imperfectly crystallised ^residuum, seems to indicate their affinity with the 
felspar porphyries. Indeed specimen No. 13 approximates m its macroscopical 
appearance very closely to a felspar porphyry. 

Allport, in his paper “ On the Metamorphic Bocks surrounding the Lands’-end 
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Mass of GJranite,” Q. J. G. S., XXXII, 407| shows that the mineralog^cal 
changes produced in clay slates by the intrusion of a mass of granite are chiefly 
the development iu them of some of the nainerals which constitute its own mass; 
that is to say, quartz, tourmaline, and three kinds of mica; occasionally tremolite, 
magnetite (“ and andalusile ?”), and in some localities felspar. The structural 
changes produced in clay slates by contact metamorphism, according to Allport, 
are “ (a), foliation more or less perfect, with every gxudation from nearly straight 
parallel lines to the most complicated contortions; and (6), concretionary, showing 
a decided tendency to segregation of both quartz and mica, the result being a 
spotted schist.” 

A precisely similar influence appears to have been exercised by the gneissose 
granite on the slates in contact with it at Dalhousie. As to structure, wo have 
seen that foliation has been produced and “ spotted schists ” have been formed; 
whilst schorl, garnet, dark mica, muscovite, and magnetite have been introduced 
or created out of the constituents of the slate. 

As regards mineralogical changes. All port noticed in the rocks described by 
him in the paper just quoted, that the stiata near the granite were “ far more 
highly silicated than those at a distance from it,” and he expressed the opinion 
that “ there can be no doubt that much of the quartz has been derived directly 
from the intruded rock.” 

In the case of the rocks under consideration, a study of slice No. 28 led 
me to the conclusion that the crypto-crystalline mica seen in the schists in con¬ 
tact with the granitoid rock, is due to the injection of matter from the granitic 
rock into the schists in a gaseous or liquid condition. 

Two other points are to bo noted : fml, that though the gneissose granite is 
rich in felspar, only one small crystal of this mineral was found in the numerous 
slices of rocks in contact with the gneissose granite examined under the micros¬ 
cope ; secondly, that though liquid cavities arc most abundant in the quartz of the 
gneissose granite, they are entirely absent from the schists immediately in con¬ 
tact with it, and are almost entirely absent from the schistose rocks below them. 

Professor A. Geikio, in a critique on a.paper by Pere Renard, of the Royal 
Museum, Brussels, on the crystalline schists of the Fi-^nch and Belgian Ardennes 
(Nature, December 7, 1882) which came to hand after I had finished my 
examination of the slices now described, comments on the absence of fluid 
cavities in the quartz of the Ardennes schists as follows :—“ In subjecting to 
microscopic examination thin slices of some of these altered rocks, M. Renard 
noticed that the quartz granules, presumably of clastic origin, have lost the liquid 
inclusions so generally found in the quartz granules of old sedimentary strata. 
This fact (alraady observed by Sorby in the case of sandstone invaded by dolerite) 
seems to indicate that the sand-grains have not escaped the influence of the 
changes which have so profoundly affected the other constituents of the former 
sediment. ” 

Dr. Sorby notices this effect of contact metamorphism in his Anniversary 
Address (Q. J. G. S., XXXVI, 1882) “ One point of interest is, ” he writes, 

“ that although the grains of sand contain many cavities which no doubt, as usual, 
originally contained .water, they have all lost it, as though it had been expelled 
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by the heat of the igneous rock, in the same manner as it is easily expelled 
from unaltered quartz by a high artificial temperature. ” 

That the absence of liquid cavities, in the schistose rocks in contact with the 
gneissose granite, is due to heat, is rendered highly probable by the fact noted in 
the foregoing papers (see notes on slices 17 and 19) that pieces of schorl retain 
internal evidence that the contents of enclosures in this mineral had expanded by 
heat and forced their way to the surface. 

We have already seen that whilst the granitic rocks abound in felspar, the 
altered slates in contact with them have not developed that mineral. I have 
also given my reason^ for believing that the gneissose granite was reduced by 
hydro-thermal action (evidenced by the great abundance of its liquid cavities) to 
a plastic condition; and that portions which present a decided gneissose aspect 
exhibit true fluxion structure. 

We have also seen that the schists in contact with the gneissose granite 
exhibit the peculiarities usually developed in rocks by contact metamorphism ; 
that is to say, minerals present in the granitic rock, schorl, biotite, muscovite, 
garnet, magnetite, and crypto-crystalline mica have been developed in them 
near their point of contact; whilst the water, which was presumably present in 
the quartz of the clastic rock, has been driven off by heat. These facts, it 
seems to mo, render it improbable that the features presented by the Dalhousie 
rocks are the result of selective metamorphism applied to a conformable series of 
sedimentary rocks. 

The slaty and schistose rocks between the gneissose granite and the outer 
band of gneiss, though very varied in macroscopic aspect, present little variation 
under the microscope. They consist of an admixture of quartz and mica. The 
quartz contains no liquid cavities. One exception to this only was noted in the 
case of clear quartz plugging what may* have been a pre-existing cavity, and 
which was probably filled with foreign material from intrusive granitic masses 
in its vicinity. 

The quartz in all the slices despribed has lost all trace of its original clastic 
origin, and the mica has certainly Ixjen formed in situ. The change in the shape 
and appearance of the quartz grains has doubtless been duo to after-growth in 
the manner pointed out hf Dr. Sorby (Ann. Address, Q. J. G. S. XXXVI, 62). 

The mica is of a different species from the micas present in the gneissose 
granite, and much of it appears to be paragonite. Some of the lower beds, as 
for instance Xo. 47, are, I think, entitled to the name of paragonite slates. 

The general character of the schists may be said to^bo more siUcious towards 
the gneissose granite and more micaceous towards the first outcrop of gneiss. 

As the outer band of gneiss is neared, sphene makes its appoa^nce in micro 
wedges and crystals, and is rather abundant. Garnets are raro. On the other 
hand, zircon is present in the spotted schists next the gneissose granite, and gar¬ 
nets are not uncommon. 

Very minute prisms of tourmaline, of bluish colour in transmitted light, are 
present more or less throughout the schistose beds; but schorl, of the typo 
found in the gneissose gi*anito, is confined to the rooks in immediate contact 
with it. • 
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Schorl also ro-appeara in No. 46, but the whole aspect of that rock is sugges¬ 
tive of the near proximity and the contact action of granitic rocks. 

The metamorphism of the slate series, as a whole, does not seem to require the 
aid of groat heat to explain it, for the action of moderately heated water is 
sufficient to account for the formation of the hydro-micas, the minute prisms of 
tourmaline, and tlie addition of quartz to the pre-existing grains of that mineral. 
The gneiasose granite on the other hand has undoubtedly been fused, whilst 
its action on the slaty aeries in immediate junction with it has been analogous 
to the contact action of eruptive granite. 

In conclusion, whilst I am not able to affirm as the result of my investiga¬ 
tions up to date, that any of the axial gneiss of the Dhuladhfir range is true 
gneiss, J find that it presents the characteristics of an igneous rock. It has been 
in a fused condition; it shows fluxion structure ; it invades the rocks imme¬ 
diately in contact with it; its structure and composition is uniform over wide 
areas ; and it expands suddenly along the lino of strike from a width of 250 feet 
to a width of 6| miles. The facts, at present known, point to the conclusion that 
the gneissose granite is an intrusive rock and has been squeezed up through a 
faulted flexure along an axis of maximum strain. 

In my paper on the Geology of Dalhousio Vol. XV, p, 44) I wrote— 

“ The granitoid gnei.ss is highly porphyritic, and is undistingnishablo from, and 
doubtless is identical with, the ‘ central gneiss.’ ” As a result of the subsequent 
microscopical study of the Galhousie rocks, I have dropped the term “granitoid 
gneiss” in my present paper, and have substituted gneissose granite for it; and 
it is for consideration whether the term “ central gneiss,” introduced by tho 
lamented Dr. Stoliezka, and since used to denote the “ granitoid gneiss ” of the 
North-West Himalayas, should not be'discontinued in future. 

The terms “ central gneiss ” and “ gninitoid gneiss ” insensibly suggest Cam¬ 
brian and pre-cambrian times; and their use is apt to create a prejudice in tho 
mind of the student both as to the origin and the age of the rock, for the tendency 
of petrological inquiry in the present day is to predicate a great geological age 
for crystalline rocks in which the granitic! structure is due to regional metamor¬ 
phism. But if the conclusions at which I have arrived in this paper are sound, 
it follows that the gneissose granite of the Dhula Dh&r is of eruptive origin, and 
instead of being an archsnan, Cambrian, or “ converted ” Silurian rock, it is in 
reality of tertiary age, and was brought into its pi’esent position in the course of 
the throes that gave birth to the Himalayas. 

I do not intend to draw the inference that all the granitoid, and still less that 
all the gneissose rocks of the North-West Himalayas are of eruptive origin,— 
that would be too sweeping a generalisation to make from the facts at present 
ascertained,—but I think the most natural conclusion to draw from the evidence 
before us, taken as a whole, is that the “ central gneiss ” and “ granitoid gneiss ” 
of Dalhousie is really an eruptive rock; that is to say, whether it has travelled a 
short distance, only, from its seat of extreme metamorphism, or whether it was 
more or less directly connected with volcanic or plt^nic action, it was in actual 
motion in a fused or plastic condition and occupies now the position of an intruder 
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in the silurian series. I think tihe balance of evidence is against the supposition 
that it was reduced into a fused oohdition in situ. 


DESCRIPTION OP PLATES. 

Plate I. 

¥ 

• / 

Gneissose granite, Dalhousie. This sketch, taken from slice No. 1, is 
intended to show the polysynthetic structure of portions of the 
quartz. 

A portion of slice No. 16, taken from a granite vein intruded into 
slate, Dalhousie; (a) shows the crumpling of mica due to trac¬ 
tion. See also fig. 1, plate II. 

A portion of slice No. 20. Slate from the quarry near the gneissose 
granite, Dalhousie. 

Plate II. 

Pig. 1. A portion of slice No. 16, taken from a granite vein intruded into 
slate. See also fig. 2, plate I. 

„ 2. A portion of slice No. 15 ; gneissose granite in contact with slate, above 
the slate quarries, Dalhousie. This sketch represents the mode in 
which the crypto-oiystalline mica and biotite are drawn out into 
strings. 

„ 3. A portion of slice No. 21 > spotted schist within a few yards of the 
gneissose granite; llalhousie. The sketch shows the way the 
crypto-crystalline mica and hyaline quartz are intermixed. 

„ 4. Sketch of a biotfte crumpled up by traction, taken from slice No. 15, 
gneissose granite in actual contact with slate, 

„ 5. Showing a common mode of occurrence of mica in connection with 
the ropy strings of crypto-ciystalline mica. 

„ 6. Showing the mode in which grains of opacite and mioroliths of an 
undetermined mineral adhere together. 

„ 7. A crystal of schorl taken from slice 17, showing that air or liquid 
eimlosures originally contained in it had subsequently expanded 
from heat and forced their way to the surface of the mineral before 
its final consolidation. 
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On the lavas 0 / Aden—JPy Coloskl C. A. McMahon, F.G.S .—{With a plate.) 

• A BRIBP account of the extinct volcano of Aden is given by Mr, F. R. Mallet, 
F.G.S., in his paper “ On the Geological structure of the country near Aden, 
with reference to the practicability of sinking Artesian Wells.” Vol. VII, Memoirs, 
Geological Survey of India. 

The following description of the lavas found at Aden is taken from Mr. Mallet's 
paper: “ The varieties of rock met with are very numerous; there are perfectly 
compact lavas of brown, grey, and dai'k-green tints, sometimes containing crystals 
of augite and not unfrcqnently those of sanidine, and there are rocks exhibiting 
every degree of vesicularity until we arrive at lavas resembling a coai'se sponge 
and passing into scorias. The vesicles again are in some specimens globular, and 
in others flat and drawn out. In some places the lava is quite schistose, and 
might if seen per se be easily mistaken for a metamorphic rock. Such lava is 
sometimes vesicular, but by no means always so, at least not to the naked eye. 
Volcanic breccias are also met with, as neai' the main pass where fragments of 
dark-gT'cen lava are imbedded in a reddish matrix. Tufas are also present, but 
apparently to a limited extent. Some specimens of tufa shown me by Captain 
Mander, the Executive Engineer, were made up principally of fragments of 
pumice, from which it would appear that pumico must be amongst the volcanic 
])Toducts, though I am not aware of any locality in which it is found in situ. 
Obsidian is to be met with occasionally in thin seams.” 

I have not met with any detailed account of the micro-petrology of the Aden 
lavas, but the following passing allusions to them may be quoted here. Mr. Prank 
Ilutley, P. G.S., in his Study of Rocks, p. 152, 2iid edition, writes as follows : 
“ A globular condition of silica has been lately described by Michael Ldvy as 
occurring in the euritic porphyries of Les Settons, and similai* globular conditions 
of silica have been observed and noticed by M. Velain in a quartz trachyte from 
Aden. The former author regards this condition as intermediate between the 
crystallized and the colloid forms of silica.” >» 

Professor A. Daubree, in his paper on zeolitic and silicious incrustations 
(Q. J. G. S., XXXIV, 73), states that silicious infiltrations are found in many 
volcanic rocks of the ” trachydoloritic class,” and refers to Aden as one of his 
examples. 

The above arc the only references to the Aden rocks that I have yet met with, 
and the following account of some of the lavas to be found at that place may 
not be without interest. As I have never been able to remain at Aden for more 
than a few hours, my examination of the extinct crater has only been a cursory 
one. The specimens from the vicinity of the tanks were collected by me, but the 
others were collected for me by a i*esidcnt Engineer through the kindness of a 
friend. I proceed to describe the specimens in detail. 

Basalts. 

No. 1.—A grey compact lava. With the aid of a pocket lens, crystals of felspar 
and numerous dots of a greenish-yellow amorphous mineral are visible here and 
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there. The locality in Aden from which this specimen was obtained is unknown. 
Sp. G. 2'78. The rock is magnetic and under the blowpipe fuses to a black 
bead. 

M.—The base consists of a devitrified glass in which dendritic and rod-like 
forms of magnetite are abundant. Magnetite is also present in regular crystallo¬ 
graphic forms. 

In this base countless prisms of felspar are starred about; whilst large por- 
phyritio crystals of that mineral are visible here and there. The porphyritic 
crystals are all plagioclase with the exception of one medium-sized prism which 
is orthoclase. Many of the minute prisms are visibly triclinic and the others are 
presnmably so. The porphyritic felspars contain numerous enclosures of the base. 

There are several augite crystals in the slice, but they are not very fresh. 
Part of the magnetite has been converted into hesmatite or gothite, imparting a 
reddish tinge to the slice, when viewed in reflected light. 

The greenish-yellow amorphous mineral, Eluded to above, is probably a 
secondary product of the decomposition of olivine, but none of the unaltered 
mineral is to be detected. 

This rock is evidently an ordinary basalt. 

No. 2.—A very dark-grey lava from Station Flagstaff Hill. It is highly vesi¬ 
cular, the area of the vesicles in the thin slice being nearly equal to the substance 
of the lava itself, but they are too minute to be seen by the unaided eye. 

The rock is decidedly magnetic and fuses readily to a black bead. It seems 
to be a favourite rock for building purposes, and it is said to take the chisel well. 

M.—The ground-mass is perfectly opaque except at the edges of the vesicular 
spaces and at the ends of felspar crystals, where it is seen to be made up of 
microscopic globulites and grains of crystalline matter. Some of this globulitio 
granular matter appears to be augite. 

The ground-mass contains numerous crystallites and small ciystals of felspar, 
several of which are distinctly triclinic. They contain many enclosures of the base, 
and some ore mere skeleton ciystahi. Some of the larger felspars enclose prisms 
of apatite. 

Several augites are visible in the ground-mass. 

This specimen is also, I think, a basalt. 

No. 3.—A very dark-grey finely vesicular lava closely resembling the last. 
The rock is magnetic and it fuses under the blowpipe to a black bead. From 
Has Baraldu. 

M.—^This so closely resembles the last that a separate description is not 
nocessary. The vesicles are not so uniformly distributed as in the last specimen 
and merge into elongated confluent cavities. The thin slice in reflected light has 
a warm brown tint. The ground-mass is not so absolutely opaque as the last 
specimeq. In the larger felspars the enclosures of the base are so abundant as to 
give them quite a skeletoq appearance. A fragment of augite is present in the 
ground-mass. 

This is said to be a good building-stone and to take the chisel well. 

No. 4.—A doll red highly vesicular lava. It powerfully affects the magnet, 
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and it fuses under the blowpipe to a very dark mass that adheres to the magnet. 
Locality from which obtained unknown. 

M.—The ground-mass is quite opaque. 

Andesites. 

No. 5.—A slaggy-looking lava with crystals of felspar visible here and there. 
Some vesicular cavities contain a zeolite which also forms inemstations on the 
surface. The specimen was obtained near the Station Point Cemetery. Sp. Q-. 2‘64. 
The determination of the specific gravity may be a little under the mark, as there 
are a few vesicular cavities. The specimen is powerfully magnetic, and it fuses 
at the edges. 

M.—o-The ground-mass is nearly opaque and consists of multitudes of grains of 
magnetite disseminated through a base of flocculent matter, probably a product of 
devitrification rather than of decomposition. None of the magnetite exhibits 
regular crystallographic forms, and part of it has been converted into hajmatite 
or gbthite. The latter imparts a reddish and pseudo-felspathic appearance to 
much of the base when viewed macroscopically. 

. The ground-mass contains numerous micro-prisms of felspar, whilst felspars 
of large size are porphyritically embedded in it. The latter are nearly all visibly 
triclinic, and contain very numerous enclosures of the base, and buff coloured 
amorphous masses, that probably represent decomposed augites. Augites are not 
iinfrequently caught up in large felspar crystals, as is the case, also, in slice No. 1. 
The felspar contains gas cavities and enclosures of ferrite. 

No. 6.—A dark-grey vesicular lava from the vicinity of Station Point Ceme¬ 
tery. The hand specimen resembles the mudstone matrix of a conglomerate from 
which the pebbles have been extracted, the vesicular spaces having very smooth 
and regular surfaces as if they had enclosed hard substances. Sp. G-. 2‘61. 
The hand specimen is strongly magnetic and fuses easily under the blowpipe to a 
black bead which adheres to the magnet. 

M.-—A striking feature in this slice is th? presence of numerous crystals of a 
red mineral which I have not been able to satisfactorily identify. It occurs in 
six and four-sided prisms, and in irregular shapes, and in fragment-like pieces. 
Some are in long and thin prisms, others in rather massive lumps. In trans¬ 
mitted light it is of rich orange red colour—yellowish orange when thin—'deeper 
red when thick. When the polariser alone is revolved it absorbs light distinctly, 
but does not change colour. It very frequently contains enclosures of felspar, and in 
one instance the latter has conformed to the shape of the prism. These enclosures 
seem to indicate that the mineral is an original constituent of the rook and not a 
secondary product. The cleavage is irregular. The angle of the prism varies 
very much ; some being nearly right angles, others being very obtuse. The average 
of the measurements of 17 prisms come to 103° 52^ In a few, not included in 
this average, adjacent faces intersected at an angle of 135°. The variation in 
the angle seems due to the mineral itself and not to oblique sUoing. 

Extinction coincides with the length of the prism and with the diagonal of 
the prismatic angles seen in cross section. ^ 


/ 
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Between crossed nicols the mineral changes from dark to its natnral colonr in 
this slice, but in No. 16 it changes from dark to a rich crimson colour. 

The prevalence of four-sided prisms is against the mineral being mbellite, or 
an allied species of tourmaline; its orange colour and transparency shuts out the 
idea of its being haematite, whilst the extinction shows that it is not a monoclinic 
pyroxene. In some respects it would do for brooklte and the angles would agree 
fairly well with the Arkansas variety of that mineral, but I do not feel satisfied 
that it is brookite. 

Can it be an ortho-rhombic pyroxene ? the presence of which mineral inaugite- 
aadesites has recently been determined by Cross, Roseubusoh, and Teal. Its 
colour is not favourable to this supposition. Altogether the mineral is rather a 
puzzle to me at present. 

The base of the rock under consideration consists of a slightly devitiified glass, 
of pale yellowish colour, in which are disseminated a micro-crystalline mixture of 
felspar, magnetite, and granular hornblende or augite. It is not dichroic and 
from the angle of extinction in some pieces of prismatic form I think it is augite. 

Besides the micro-prisms of felspar, scattered in great abundance through 
the base, felspars in larger prisms are porphyritically imbedded in the ground- 
mass. They are nearly all visibly tiiclinic, as are some of the very small ones. 

Considering the low specific gravity of the last two specimens, I think they 
must be classed as andesites. They are evidently transitional forms between the 
basalts and the trachytes of the Aden volcano. 

ft 

Trachytes. 

No. 7.—A grey compact lava with minute crystals of sanidine visible here and 
there. Prom the vicinity of the tanks. ‘Sp. G. 2’66. The hand specimen is 
magnetic, but not strongly so. Under the blowpipe it fuses to a dark bead. 

M.—The ground-mass • consists of an intimate mixture of minute felspar 
prisms and irregular-shaped pieces^ of felspar: countless patches or granules of 
hornblende, and grains of magnetite and ferrite. In this are porphyritically 
imb edded large crystals of felspar; plagioclase and sanidine being almost equally 
abundant. Two of the latter present penetration twins, the others are twinned on 
the Carlsbad type. 

The sanidine contains numerous enclosures of the ground-mass, and also stone 
or glass enclosures that have deposited mineral matter on cooling. Two of these 
are depicted at figs. 7 and 8. 

The margin of many, and occasionally the whole of the sanidines in this, 
and in most of the slices about to be described, have a curious dusty appearance. 
TjAder high powers these felspars are seen to be full of imperfectly defined 
contorted fibrous particles of a doubly refracting mineral, and the dusty appear¬ 
ance seems to be due to the irregular intergrowth of either quartz, or another 
species of felspar. Thes# enclosures do not interfere with twinning, and the 
latter shows that the mineral is sanidine and not nephelme. 

In a portion of the slice the hosnblende'and magnetite are arranged in dendri¬ 
tic combinations. 
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The hornblende exhibits dtchroism verj strongly. One set of cleavage lines 
are occasionally to be seen, and the angle of extinction is characteristic of horn¬ 
blende. 

The slice ccmtains a piece of the red mineral described under No. 6. 

No. 8.—A grey compact rock with numerous crystals of sanidine imbedded in 
it. From the vicinity of the tanks. Sp. Q-. 2*63. The hand specimen is distinctly 
magnetic; under the blowpipe it fuses at the edges and adheres to the magnet. 

M.—Thia^ipecimenis more felspathio than the last, and the base in transmitted 
light is clearer. It consists of a micro-ciystalHue admixture of felspar, in which 
very numerous patches of a yelbwish-green hornblende, and grains of magnetite, 
are freely scattered about. There are also a good many patches of hesmatite, or 
gothite, most of which are directly connected with magnetite grains. 

There are two sizes of felspar crystals porphyritically imbedded in the ground- 
mass, namely, medium-sized and very large sized. Nearly the whole of the 
felspar of all sizes is orthoclase, but there are a few prisms of pla^oclase. The 
larger prisma contain numerous rod-like belonites, some of which are fractured, 
which are doubtless imperfectly formed apatite crystals. In some cases opacite, or 
granular magnetite, has formed on these belonites, and sketches of three of them 
are given at figs. 11, 12, and 13. These combinations are particularly worth 
noting, because exactly similar forms are common in the gneissose granite of the 
North-West Himalayas, and in both cases they seem to afford evidence of the 
rocks which contain them having been reduced to a fused or plastic condition. 

In fig. 13 the magnetite is seen to have formed on the belonite after the 
consolidation of the latter, and to have completely embraced it. In fig. 12 
the magnetite has partially encircled the larger mineral in its arms, whilst in 
fig. 11 it has consolidated along its edge. In fig. 11 a cavity, running with the 
length of the belonite, is seen depicted at (a). It is probably due to shrinkage on 
cooling. 

It is interesting to find bodies, such as those described, common to acid lavas 
and the gneissose granite of the Himalayas. 

The felspare contain thousands of air or gas cavities. 

An isotropic mineral is to be seen here and there ;*one of the crystals presents 
a six-sided outline—the sides being equal—whilst the others are in more rounded 
forms. It is doubtless garnet. 

No. 9.—A grey compact rook, somewhat mottled in appearance, with minute 
prisms of felspar visible here and there. The specimen was obtained near the 
tanks. Sp. 'G-. 2*60. The rock attracts the magnet, and it fuses under the blow¬ 
pipe to a dark bead. 

]S£.’-~The groTind-mass is dark owing to the abundance of magnetite; in other 
respects it does not differ from that of the slices of trachyte previously described. 
Amongst the largeporphyritic crystals plagioclase preponderates over* the sani¬ 
dine, but the smt^er crystals all belong to the latter spemes. Some of the 
triclinic felspar is in the form of long thin prisms. 

The larger felspars contain numerous .enclosures of the ground-mass. In 
some they are so abundant as to give the prisms ^somewhat skeleton appearance. 
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Microlitihs and stone enclosures are abundant, whilst a zonal growth is visible in 
some of the sanidines. 

There is one good-sized, rounded crystal and an irregular-shaped piece of 
augite, whilst numerous patches of hornblende are scattered throughout the 
ground-mass. The rounded augite encloses a minute crystal of hornblende. The 
latter mineral presents irregular shapes, but in one case the cross cleavage lines 
are fairly well developed. 

The slice contains a garnet. Much of the magnetite has passed into haematite, 
or gSthite, whilst an apparently hydrated species of iron oxide often stains the 
matrix round the magnetite grains. 

> The trachyte in this specimen appears to be approaching the andesites, and 
is on the border line between the two. 

A sketch of a portion of this slice is given at fig, 2; a group of felspar crystals, 
round which much magnetite has collected, occupies the centre of the illustration. 
The felspars are seen to have caught up numerous fragments of the ground mass 
which are alligned in general correspondence with the cleavage planes of the 
enclosing felspars. 

No. 10.—-A compact light grey coloured rock with minute crystals of sani- 
dine visible here and there. This was obtained near the tanks. Sp. G. 2'48. 
The hand specimen contains, caught up in the compact rock, several fragments 
of pumicious lava in which vesicular cavities are numerous. This seems sufficient 
to account for the abnormally low specific gravity, as the air caught .up in the 
vesicular cavities of the pumicious fragments would be sufficient to vitiate the 
result. The hand specimen is magnetic, but it is almost infusible under the 
blowpipe. 

M.—This seems to be quite a typical trachyte. The ground-mass appears to be 
up of an aggregation of felspar microliths. In this are imbedded medium 
and large sized felspar crystals. Amongst the two latter sanidine is abundant 
and is in very typical forms. The «lioe contains very little plagioclase, and the 
felspar micro-prisma of the base are either undifferentiated or are orthoclase. 

Hornblende occurs in gatches throughout the ground mass, though it is not 
so abundant as in some of the slices previously described. There are one or 
two fragmentary looking pieces of augite. In transmitted light it is of a greenish- 
brown, or brownish-green, but of so pale a tint as to be almost colourless. It is 
not dichroic, and in extinction and other characteristics it agrees with augite. 
The outer edge is a good deal corroded, but internally it is perfectly fresh. Some 
of the hornblende is much corroded and altered. It is of yellowish-green colour, 
and most of it is decidedly dichroic. 

The ground-mass contains numerous grains of magnetite. Hsematite or 
gothite is present here and there, and has penetrated crac^ in the sanidine; it 
also oqmizs in patches in th^^tter. Some apatite is also present. ^ 

A long cavily in the slice is stopped with calcite, which is here and there 
eiy^fcaUized in characteristic fonqs. The calcite encloses some minute prisms 
epidote. A zf oHte appean^to be also present. 
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Quartz trachytes. 

No. II.—A grey compact rock with minute crystals of sanidine visible hero 
and there. Part of it is of dark grey, and part a veiy light grey colour; and 
when examined with the aid of a ppoket lens, it has the appearance of two 
magmas imperfectly mixed together. The specimen was obtained near the tanks. 
Sp. G. 2*60. The rock is strongly magnetic. The dark portions fuse, under 
the blowpipe, to a dark magnetic bead, but the light portions fuse at the edges 
only to a transparent colourless glass. 

M.—This is a very beautiful specimen in the field of the microscope. The 
ground-mass in transmitted light is, in parts, very clear and transparent, and 
in other parts, representing the dark portions previously alluded to, the magnetite 
and hornblende are crowded together, so as to almost cover an area equal to that 
occupied by the felspar. In the clearer portions of the ground-mass'the magnetite 
and hornblende are in larger and in more perfectly crystallized grains. In the 
dark portions much of the hornblende is in an embiy onio condition, being shapeless 
aggregations of minute granules, the optical characters of which are indistinct. 

From the microscopic examination of this slice, I am disposed to think that 
the mottled character of the rock is duo to segregation. 

There are numerous large crystals of sanidine scattered through the ground- 
mass besides others of medium size. Flagioclase is sparse. The large felspar 
crystals contain numerous enclosures of hornblende and a profusion of stone 
enclosures. The curious dusty appearance seen along the border of sanidines, 
described under No. 7, is very prominent in those of this slice. 

Patches of hesmatite or gbthite are visible here and there, and some of it 
is distinctly traceable to the alteration of magnetite; whilst large grains of the 
latter have also stained the matrix for some distance round them with a yellowish 
doubly refractive substance. • 

The slice contains a garnet and a little apatite. Here and there patches of 
hornblende very much resemble leaflets of mica, but*I do not think any of them 
are really that mineral, as they are of dx^ctly the same tint as the undoubted 
hornblende contained in the slice, and no trace of cleavage is visible in any of 
the flakes alluded to. The slice, however, contains a thin string of ciypto- 
crystallino mica meandering about in it, similar to that described in my paper 
on the gneissose granite of Dalhousie. This additional link connecting acid 
volcanic rocks with the gneissose granites of the Noi’th-West Himalayas is most 
interesting. 

Free quartz is to be seen here and there in the ground-mass. It is 
evidently a residuum, and, like the quartz of granite, it is moulded on to the 
other minerals. 

The slice also contains another specimen of the red mineral described under 
No. 6. 

No. 12.— A. pale grey compact rock with crystals of sanidine porphyritic in 
it, from the vicinity of the tanks. Sp. G. 2*67. The hand specimen is magnetic. 
Under the blowpipe portions fuse to a magnetic bead, whilst other portions are 
but slightly acted on. 
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M.—This specimen so closely resembles the last described that only a few 
additional remarlm are needed. Plagioolase is subordinate to the orthocfase. 
Magnetite is plentiful and is in well-shaped grains. Hesmatite is also abundant 
and for the most part assumes dendritic forms, and is but feebly translucent. 

Hornblende is very abundant, being plresent in both the gronnd-mass and in 
the felspar crystals; and some of the crystals present well-shaped sLs'.sided pris¬ 
matic sections. 

Apatite is extremely abundant in the ground-mass, and the rock, when 
examined chemically, gives the phosphoric acid re-action with molybdate of 
ammonia very decidedly. 

The slice contains two shapeless garnets. 

Glass and stone cavities are very abundant in the felspar crystals, and are, 
for the most part, of types similar to figs. 4 and 5. Figs. 9, 10, and IG are taken 
from this slice. 

As in the last specimen, free quartz is present in the ground mass. 

No. 13.— A. mottled grey compact lava with felspar facets visible here and 
there. It was obtained near the tanks. Sp. G.. 2'66. It is magnetic, and its 
behaviour under the blowpipe is as in Nos. 11 and 12. 

M.-—This specimen is so sixnilar to the last that a detailed description is 
unnecessary. The ground-mass is not as clear as the two last yfices; but the 
felspar crystals, on the other hand, do not contain hornblende, and they are 
mprc free from enclosures generally. 

Apatite is very sparse, and there are no garnets. Hmmatite is not so abundant, 
and it is not in dendritic forms. 

The slice contains an augite with a deep dark border. 

Numerous glass or stone enclosures are to be observed in the sanidine, illus¬ 
trations of which are given at figs. 4 and 6. • In some the matter deposited on 
cooling appears to be partly mineral and partly gaseous, as in figs. 6, 9, and 16; 
that is to say, a gas appears to have first separated from the glass, on the con¬ 
solidation of the latter, and then on. oooliug to have deposited mineral matter 
previously held in suspension. 

Numerous gas or air bubbles are present in the ground-mass. 

Free quartz is present as*in the last two specimens. 

Fluxion structure is observable in a portion of the ground-mass, where the 
microliths of felspar are seen to flow round a large crystal. 

A sketch of a portion of this slice is given at fig 1. It is nc^ possible on 
the scale at which it is drawn to attempt to depict the microliths of the ground- 
mass. 

No. 14.—A light grey compact rock with sharply defined patches of a dark^ 
lava visible here and there imparting a brecciated appearance to the hand 
specimen. This lava occurs near the tanks. Sp. G. 2'48. The zpck attracts 
the magnet, but fragments of it are infusible before the blowpipe. Facets of 
felspar are visible in the darlrand light portions alike. 

M.—The ground-mass is clear owing to the comparative sparseness of magne> 
tite. There are only two or three small pieces of hornblende present in the slice* 



PART 3.] 


McMahon ; On. the lavas of Aden. 


153 


There is no plagioclase, but sanidine is very abundant, and, as usual, is present 
in very large, in medium, and in minute crystals. 

• Quartz is abundant and is a much more prominent feature in the g^round- 
mass than in any of the specimens previously described. Over about half the 
total area of the slice, the quaartz is intimately intermixed with the felspar of 
the ground-mass, and in polarised light the combination of the two present a 
curious sieve-like appearance, the quartz constituting the meshes. Here and 
there free quartz forms larger masses having an irregular ramifying external 
outline. Minute crystals of sanidine are frequently imbedded in the free quartz. 

There are a few small garnets, whilst magnetite, ferrite, and hajmatite or 
giithite are present as usual. 

No. 15.—A greenish-grey vesicular lava from behind the post office. The 
greater part of Steamer Point Church is said to be built of this rock. Prom 
a builder’s point of view, it is said to weather badly. The hand specimen is 
feebly magnetic; and under the blowpipe it becomes glassy on the surface, but 
does not fuse to a bead. 

M.—I have examined four slices of this interesting lava. The ground-mass 
is micro-aphanitic, and is composed of minute prisms of felspar radiating in 
all directions. Grains . of quartz are visible here and there in the ground-mass, 
but they are most abundant along the margins of the vesicular cavities when 
they exhibit rounded and hexagonal outlines. It is I think, tridymite. 

The quartz contains numerous liquid cavities with enclosed bubbles, a fair 
proportion of which are movable. The size of the bubbles, relative to that of 
the cavities containing them, varies so much that no reliable calculation can bo 
based on the proportion between the two. One of the quartz grains contains glass 
enclosures that have deposited mineral matter on cooling, and one of them has 
several fixed bubbles. The ground-fnass contains many air or gas bubbles. 

There are no poi-phyritic crystals of felspar. 

Hornblende is very abundant; most of it is in acicular prisms of irregular 
outline, and rather pale green colour, resemljjiing the hornblende of the Wolf rock 
(phonolite) of Cornwall; but there are larger stumpy prisms, here and there, 
of bluish to dark green colour in transmitted light, that have sharp outlines, give 
good six-sided sections and occasionally exhibit cif)ss prismatic cleavage lines. 
It is decidedly dichroio changing from brown to bluish-brown; but under crossed 
nicols the absorption is so powerful that the colours exhibited are very feeble. 

No. 16.-^A light grey vesicular lava from Flag Staff Hill. Sanidine and 
quartz are to be observed here and there. It is slightly magnetic and fuses at 
the edges. Numerous round silicious granules with rough surfaces are visible 
in the vesicular cavities; they are dull and somewhat opalescent-looking, an<l 
have none of the liquid lustre of vitreous quartz. Most of them are globular, 
but some are flattened and present hexagonal outlines and are seen to have a 
yellowish nucleus. They are infusible under the blowpipe, and hydrochloric 
acid takes no notice of them. 

M.—Under the microscope these spherulitic bodies are seen not to be exclu¬ 
sively confined to the edges of the vesicular cavities, but to occur occasionally 
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in the groimd-masa itself. Their central portions are, in transmitted light, of 
buff colour, and are feebly translucent, but the outer portions are transparent. 
Most of the globular bodies have rounded outlines, but others are flattened" 
at the poles and present a hexagonal prism in section. Those which occur 
along the edges of vesicular cavities are segments of circles, the yellow nucleus 
being truncated and abutting directly on the edge of the ground-mass. Under 
crossed niools the transparent portion is seen to have a distinctly radiated struc¬ 
ture, and in some a dark cross is visible. They polarise in simple black and 
white and never exhibit colours. In some, the rough exterior surface, alluded 
to in my remarks on the macroscopic aspect of the rock, appears to result from 
minute prisms, or minute plates of tridymite projecting from the outer surface. 
In both cases the angles of adjoining faces are approximately 120°. 

These globular bodies seen in section resemble the spherulites of rhyolites, 
dacites, and acid vitreous rocks, and were those found in the ground mass, seen 
by themselves they would undoubtedly be taken for ordinary spherulites; but 
the way they stand out fi-om the surface of the vesicular cavities, their- occa¬ 
sional hexagonal outline, and the fact that the yellow globular nuclei of those 
which line the vesicular cavities ar usually bisected by the bounding surface 
of the ground-mass, and are not continued into it, shows that they differ from 
ordinary spherulites. They have evidently been formed, in the giiteat majority of 
cases, either by the exudition of silica from the base into the vesicular cavities, 
or have been deposited in these cavities through the agency of steam or water; 
and are not, like ordinary spherulites, the product of the devitrification of the 
glassy base. 

I presume that these globules are identical with those noticed by M. V^lain 
(see ante). Their behaviour under crossed nicols is not, however, similar to 
M. Michael Levy's description of the globular silica occurring in the euritic 
porphyries of Les Settons. 

It is not quite clear what Michael L4vy means by a “condition intermediate 
between the crystallized and the oolleid forms of silica.” It seems to me that 
the globular silica of the Aden lavas is only a variety of hyalite, and that its 
{)eouliaritie8 are principally due to an intergrowth, or rather to a successive form¬ 
ation of hyalite and tridymite. The nuclei are probably formed of common opal. 

The ground-mass of the rock under consideration is micro-aphanitic, and 
consists, as in many of the previous specimens, of light clear portions and dark 
portions, as though two magmas had imperfectly mixed toffether. 

Some lai^e porphyritic crystals of felspar are triclinic. Some of .the felspars 
contain large enclosures of the ground mass which have not entirely separated 
from the main mass; whilst the dusty appearance described in the previous 
pages is very prominent in the felspars of tWs slice. In some cases it makes 
them resemble nepheline, but the angle of extinction and the twinning of the 
saiudine and plagioclase (for ^e dusty appearance is seen in both classes of fels* 
pars) usually prevent any mistake in their identification. 

The grouud-mass contains granules of greenish hornblende, whilst minute 
four and six-sided well-shaped prisms of a brownish hornblende nroiect from 
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tlte grunnd'inass into the vesicular cavities The prism of one measured exactly 
124“, 30 

Apatite is present, also magnetite and haematite or gothite. There are also 
several large and small crystals of the orange red mineral, previously described. 
Between crossed nicols it changes from a rich crimson colour to dark. 

Several of the vesicular cavities are stopped with calcite. 

No. 17.—A greenish-grey fine-grained but highly vesicular lava, from the 
vicinity of the Station Point Cemetery. It is distinctly magnetic and fuses at 
the edges under the blowpipe. The siliceous globules are abundant. 

M.—This is more uniformly vesicular than the last specimen, and the vesi- 
crrlar spaces occupy a considerable area relative to the ground-mass; consequently 
very large crytals of felspar are wanting and medium-sized ones are comparative¬ 
ly rare. In other respects this specimen closely resembles the last. 

There are siliceous globules, as in the last, but tridymite is also abundant and 
occurs on the edges of the vesicular cavities. An overlapping of the plates is an 
almost constant feature in the tridymite of this and other slices. The vesicular 
cavities are occasionally plugged with a fibrous zeolite. 

The red mineral is absent and the brown hornblende, of the last specimen, is 
extremely sparse. Green hornblende in acicular prisms is very abundant. 

Trachytic PUchstones. 

No. 18.—A compact brick-rod lava with facets of felspar visible here and 
there. From the vicinity of the Station Point Cemetery. Sp. G-. 2‘40. The 
rock is magnetic and fuses, but not very readily, to a white blebby mass full 
of air babbles. 

M.—The ground-mass is of such microscopic fineness that it requires powers 
of over 100 diametera to make it out. It consists of a matted mass of felspar mi- 
croliths and fine granular matter. In this are scattered felspar crystals of variourf 
sizes, some hornblende and large magnetite grains. None of the felspars give 
evidence of being triclinic. The large felspar crystals contain numerous en¬ 
closures of the base. The slice contains countless crystallites of felspar that 
closely resemble those described in my paper on the basalts of Bombay,® having 
either frayed ends, or being mere skeletons enclosing the granular matter of the 
ground-mass. 

Hyalites are to be seen in a few vesicular cavities; their outlines are semi¬ 
circular. 

This vitreous lava may, I think, be described as a devitrified trachytic pitch- 
stone. A sketch of a portion of this slice is given at fig 3. 

No. 19.—A reddish compact rock from the vicinity of the Station Point 
Cemetery. Sp. G. 2-38. This looks more like a rotten schist than a lava. Though 
not visibly porous or vesicular, yet when plunged into water it gives off a stream 
of minute air bubbles that lasts for some hours. It is not magnetic. Under the 
blowpipe it fuses with difficulty and becomes frothy. 

M.—The ground-mass consists of micro-crystals of felspar interspersed with 

> Rtttley’g Study of Rocks, p. 153, 2nd Ed. ^ Uecords, Vol. XVI., p. 42. 
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mioro-grains of quartz, and an amorphous opaque red ferrite. It is of much 
larger grain than the last specimen. 

All the porphyritic crystals of felspar are sanidine. They contain stone and 
glass enclosures. One of the latter is depicted at fig. 14, and is seen to contain 
three fixed bubbles and three ciystals. Fig. 16 represents a cavity within a glass 
enclosure; the outer glass enclosure containing a large fixed bubble and a small 
crystal. The inner cavity appears to contain a minute bubble. Enclosures that 
have deposited dusty matter on cooling; and glass enclosures, each of which con¬ 
tains a large fixed bubble, are not uncommon. The slice contains no hornblende. 

This lava seems to be intermediate between a quartz-trachyte and a pitch- 
stone, but must, I think, be classed as a devitrified trachytic pitchstoue. 

Pwinice. 

No. 20.—A light grey pumice obtained in the vicinity of the Station Point 
Church. 

M.—The vesicular cavities are filled with calcite, a zeolite, and I think some 
aragonite. 

The pumicious part consists of a glass containing millions of air bubbles; 
some of these are round, whilst others are elongated, and are drawn out in the 
direction of the flow. 

* Conclusion. 

Though I cannot suppose that my collection of the lavas of Aden afford com¬ 
plete examples of aU the varieties to be obtained in the neighbourhood of 
that extinct volcano, still it is sufficient to show that the now silent craters, 
in the days of their activity, poured out basic, intermediate, and acid lavas. We 
have presented to us inside the main crater of Aden an unbroken succession 
of lavas, from acid pitchstones, on the one hand, to basaltic rocks on the other. 
^*itchBtones shade into quartz-trachytes; quartz-trachytes into trachytes; whilst 
the latter pass into andesites,* and through them, into basalts. On the whole, the 
acid rocks seem to have predominated.* 

Many of the lavas described in these pages have a mottled, and even a brecci- 
ated appearance, and it is difficult to say positively whether this is due to segre¬ 
gation, or to an imperfect blinding of basic and acid ma.gmas. 

It would be interesting to know the order of succession in which the basic, 
intermediate, and acid lavas appeared; but on this point I have no information. 

The specific 'gravity of each class of lava is low. I did not attempt to deter¬ 
mine the specific gravity of the vesicular specimens, and though it is possible that 
hidden vesicles may, to some extent, have vitiated the determination of the specific 
gravity of some of those examined, yet, on the whole, I am disposed to attribute 
the low averages to the predominance of the acid element in the Aden lavas. 


The following averages were obtained 

Basalt G.2*78 

Andesite 2'62 

Trachyte „ ...... 2*68 

Qaartz-Trachyte ..2‘55 

Pitehstone 2*38 
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The pitchstones yield a somewhat abnormally high specific gravity, indicating 
their connection with the quartz-trachytes; but all the others, noted above, 
though within the minimum limits, are below the normal average specific 
gravity usually given for each class of rock in oar text books. 

The ground-mass of the intermediate and acid lavas, described in these pages, 
is micro-aphanitic; in no instance is it mioro-felsitic. There are, except in the 
extremely vesicular specimens, and in the pitchstones, always three generations 
of felspar; micro-crystals in the ground mass, and medium and large-sized por- 
phyritic crystals. 

In the basalts and andesites the felspar is, almost without exception, plagio- 
clase. Amongst the trachytes, those on the border line of the andesites, as No. 9, 
contain more porphyritic crystals of plagioclase than of sanidirie; whilst those 
that approach the quartz-trachytes contain scarcely any plagioclase. 

In intermediate varieties, as Nos. 8 and 10, the porphyritic crystals of tricli¬ 
nic and monoclinic felspar are pretty equal in number.. In the quartz-trachytes, 
themselves, plagioclase is either wanting or is subordinate to the sanidine ; whilst 
in the pitchstones plagioclase is wholly absent. 

Augite is prominent in the basaltic lavas, but only stray crystals of it are 
prcjsent in the other lavas, namely, in Nos. 6, 9, 10, and 13. 

Hornblende is abundant in the trachytes and in most of the quartz-trachytes; 
whilst it is sparse or wanting in the pitchstones. 

Magnetite is present in all except No. 20, and every specimen, except Nos. 19 
(pitchstone) and 20 (pumice), distinctly attracts the magnetic needle; some of 
them acting powerfully on it. 

Hematite or gothite is found in all the specimens except the pumice; whilst 
apatite is commonly present, sparsely in some, but abundantly in others. 

An isotropic mineral which I doubt not is garnet is to be seen in several 
slices, namely, in Nos. 8, 9, 12, and 14. 

There is nothing in the appearance of thj mineral to lead me to suppose that 
it is hauyne, a mineral frequently mentioned in connection with trachytes. 
Zirkel, in his Microscopic Petrolo^ of the Fortieth Parallel, notes the occur¬ 
rence of garnet in rhyolites and trachytes; and seeing that this mineral so com¬ 
monly occurs in granite and syenite, its presence in the lava form of those rocks 
is hardly surprising. 

Mica is conspicuous by its absence ; but there is, however, a notable excep¬ 
tion in slice No. 11 (quartz-trachyte), in which a thin string of crypto-crystalline 
mica, similar to that which takes so prominent a place in the gneissose granites 
of the North-West Himalayas,* is seen meandering through the slice. This link 
between acid volcanic and acid platonic rocks seems to afford an indirect confirm- 
ation of the correctness of the conclusion regarding the affinities of the gneissose 
granite arrived at on other grounds. 

Stone and glass enclosures are common in the felspars; also cases of magne¬ 
tite forming upon and embracing microliths in a way that indicates a viscid, or 

* Records, Volume XVI, p. 129. 
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fused, condition, and consequent freedom of molecular action,—facts which also 
form interesting points of contact with the gneissose granite of the Himalayas. 

The general absence of fluid cavities is generally considered characteristic of 
the quartz of lavas, as compared with that of granite ; but exceptions to this rule 
do not appear to be altogether uncommon. Dr. Sorby notes one in his Ann* 
Address, Q. J. G. S XIV. p. 84; another instance will be given in my forth¬ 
coming paper on the Traps of Dalhonsie; whilst yet another will be found 
in this paper in my description of slice Xo. 15. 


EXPLANATION OP THE ILLUSTRATIONS. 

Fig. 1.—A quartz-trachyte, slice No. 13. The central felspar is imperfectly 
formed, and contains enclosures of the ground-mass. 

Fig. 2.—A trachyte, slice No. 9; with a group of felspar ciystals, in the centre 
of the field, round which magnetite and ferrite have collected. The felspars 
enclose portions of the ground-mass alligned in general correspondence with 
the direction of cleavage. 

Pig. 3.—A devitrified trachytic pitchstone, slice No. 18. 

Figs. 4 & 5.—Stone enclosures, slice No. 13. 

Pig. 6.—Enclosures in felspar of slice No. 13. The matter deposited is partly 
mineral and partly gaseous. 

Figs. 7 & 8.—Stone and glass enclosures that have deposited mineral matter 
on cooling. 

Pig. 9.—A glass cavity taken from slice No. 12 which contains an enclosure 
of gas. 

Fig. 10.—A stone enclosure, slice No. 12. 

Figs. 11, 12, & 13.—Magnetite and opacite foiming on belonites. 

Fig. 14.—Glass enclosure, slice No. 19, containing crystals and fixed bubbles. 

Fig, 15.—A glass cavity containing ah inner enclosure, slice No. 19. 

Fig. 16.—An enclosure taken from No. 12, which has deposited mineral matter 
and also contains gas. 


Note on the Probable Occurrence of Siwalik Strata in China and Japan. By 

B. Lydekkeu, B.A., P.G.S., F.Z.S, 

I have lately received from Herr L. v. Loezy, of the Royal Geological Survey 
of Hungary, a letter in which I am informed that during a recent expedition 
to China he observed extensive tertiary formations on the Upper Hwangho 
(Hoang-ho) river, in which he collected fresh-water shells and numerous bones of 
Probosci4ia and Rodentia^ (sic). In Western Kansu® he acquired from a native 
dispensary other large fossil bones, and the lower molar of an elephant which 
he considered very similar to the teeth of the Siwalik Stegodon clifti; this molar 

1 ? Butuinantiii. 

’ A province oh the Upper Hwengbo, due north of Burma. 



CoRRiaENDA and Addenda to “Synopsis of the Fossil Veutebuata 

^India/^ Supra, pp. 61 — 94. 

N. B .—It is to be regretted that Mr. Lydekker could not correct the proof sheets of his paper. 
Most of these corrections are such as only the author could make.—H. B. M. 

Page 62, 86. The Cochliodontidce {Poecilodus and Paephodus) should bo referred to the 
Ganoidei, 

„ 63, line 8 from top, for OxycJdna read Oxyrhina: the genus Spheerodus should be 
referred to the Oamidei. 

„ 65 ,, 21 „ bottom, for harioccipital read hasioccipital. 

„ 66 „ 4 „ top, „ centre read centra. 

„ 69 „ 14 „ bottom, before British, Museum, add Royal College of Surgeons and. 

„ 70 ,, 3 ,, „ for two read three : in the followijig line dele ‘ and a mandible.’ 

„ 71 „ 1 ,1 top, ,, Enhydras read Enhydris, 

„ 72, note, for irvaticus read iravaticus. 

„ 74, lino 19 from top, for H. hyopotamoides read A. hyopotamoides. 

„ 76 „ 11 „ „ „ acuticomis read porreciieornis. 

„ 77 „ 10 „ „ „ Eilgherries read Rimalaya. 

„ 80 „ 2 „ bottom, dele ‘ south’ 

„ 81 „ 3 ,, top, for when read whose, 

„ 85 „ 1 „ bottom, for Eg, read ifunst .■ also oil p. 87, line 12 from bottom. 

„ 86 „ 4 „ top, before Sphyrmaodus add Teleostei. 

5 „ „ below Pyenodus, add Spheerodus rugulosus. Eg.; this should also 

be inserted in the alphabetical list. 

„ 88 „ 20 „ „ for dhonJeoka read dhongof^. 

,, 92 „ 17 „ bottom, for Typholodon read Typhlodon. 

„ „ „ 8 „ top, „ prediem read indicus. ^ 
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is described as being brown and highly minei*alized, and apparently in very 
similar condition to the Siwalik fossils. 

1 am promised an opportunity of examining a cast of the molar, but the 
description given leaves h'ttle doubt that the strata whence the fossil was obtained 
correspond to the Siwaliks. It will be remembered that Professor Owen has 
described ' the milk-molar of a Stegodon, said to have been obtained from “ marly 
beds near Shanghai," which he referred to a new species under the name of 
8- sinensis, but which I have seen® no reason to separate from the Siwalik 
8. clifti. The mineralization of this specimen (now in the British Museum) is 
precisely similar to that of the Siwalik fossils, and leads me to conclude that 
the beds from which it was obtained, together with the Hwangho beds, almost 
certainly correspond, at least in part, to the Siwaliks. The geographical position 
of the Hwangho beds, due north of Burma, lends a strong support to this conclu¬ 
sion, as it is well known that the Siwaliks of that country, whence Crawfurd’s 
original specimens were brought, extend far up the valley of the Irawadi, and 
thus are only separated by Yunan and Sechuen from the Kansu district. 

In the same paper Professor Owen also described various other Chinese fossil 
mammals, belonging to the genera GhaUcotheriv/m, Rhinoceros, Tapirus, 8tegodon, 
and Hycena, and said to have been obtained from a cave in the province of Sechuen 
(Sze-chuen), or between Kansu and Yunan and Burma. The mineralization 
of these specimens is much less complete than that of the Shanghai and Siwalik 
fossils, but the difEerence in the manner of the entombment of the specimens is 
probably quite sufficient to account for this. The genera are all characteristic 
of the Siwaliks, and although Professor Owen has assigned all the specimens to 
distinct species, yet it has appeared to me ’ to be highly probable that the 
Stegodon is the same as one of the Siwalik forms; while work on which I am 
now engaged leads to the conclusion that the Sechuen hyaena is identical with, 
or very closely allied to, one of the Siwalik hyaenas. , Whether or no the species 
be the same, it appears to be moat probable, that the Sechuen mammals belong 
to the same period as those of the Siwaliks, hnd connect those of Burma with 
those of Kansu. 

Turning to Japan, it may be observed that in 1881 Dr. Kdmund Naumann 
figured and described * various remains of fossil elephants from that country, 
which he referred to the following species, viz., Stegodon clifti, 8. insignis, 
Elephas namcbdicus, and E. primigenius; the two first being Siwalik species, the 
second (or the allied 8. ganesa) also ranging up into the Narbada beds, and the 
third being characteristic of the latter. These fossils indicate pretty conclusively 
that representfltives of the mammaliferous beds of India, which probably corre¬ 
spond both to the Siwaliks and the Narbadas, exist in Japan, and are probably 
the continuation of the Chinese deposits. 

* “Quar. Jonr. Geol. Soc,’* Vol. XXVI, p 417. 

2 " Pttl»ontologiH Indica.” Ser. X, Vol. I, “ Siwalik and Narbada rroboscidia.” 

> Ibid. 

< “ Ueberjapaniiche Elephanten der Vorzeit.” ‘PaUoiitograpliicn,' Vol. XXVIll, pt. 1, pla. 

I- 'll. 
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Since the publication of Dr. Naumann’s memoir, another paper on the same 
subjecjt has appeared by Herr D. Brauns,^ which is certainly a veiy remarkable 
paper indeed. In that paper it is first of all attempted to prove that the 
Siwaliks are entirely of miocene, aijd the Narbadas of pliocene age, while 
the Japanese (and presumably the Chinese) mammaliferous deposits are all 
referred to the pleistocene. Now it is not my intention on the present occasion 
to go again into the question of the age of the Siwaliks and Narbadas, but there 
are two points in relation to Herr Brauns’ treatment of this question, to which 
it is almost impossible to omit referring. It happens to be inconvenient to his 
jine of argument that any of the Siwalik species should occur in the overlying 
Narbadas, and therefore, when such is stated to take place he adopts the very easy, 
but scarcely scientific, method of doubting the evidence. Thus in the case of 
the occurrence of Stegodon insignin (or the allied S. ganesa) in the Narbadas, it is 
stated® that the two specimens of broken teeth figured in the “ Fauna Antiqua 
Sivalensis®” from those deposits are not sufficiently perfect for determination, 
and therefore that 8. insignis does not exist in the Narbadas. Even if those 
specimens are insufficient evidence, if the author had but taken the trouble to 
refer to page 117 of the first volume of the “ Palisontological Memoirs,” he would 
have seen a very perfect specimen of the lower jaw of 8. insignis (No. 1) from 
the Narbada described by Dr. Falconer; this specimen, whiclx is now in the Indian 
Museum, where there are others from the same beds, leaves not the slightest doubt 
that Stegodon insignis (or 8. 'ganesa, which, as far as teeth are concerned, is the 
same) occurs in the Narbadas. From this may be gathered the value of the 
following dogmatic statement of Herr Brauns, viz .,— 

Elephas nninadicua solely pliocene, 

Stegodon insignis „ miocene. 

„ clifti „ ,, 

« 

In the case of the occurrence of the Narbada Bahalus palceindtcus in the top¬ 
most Siwaliks, it is argued that the specimens are not properly determined. It 
happens, however, that they are unquestionably the same as the Narbada species. 
I have not figured them •because there are so many other specimens of more 
importance. Similarly doubt is thrown upon the authenticity of the stone imple¬ 
ments from the Narbadas. If this sort of reasoning be allowed, of course any¬ 
thing can be proved. 

Leaving now the Narbadas and Siwaliks which Herr Brauns has proved to 
his own satisfaction are respectively pliocene and miocene and contain no 
species in common, attention may be re-directed to the Japanese fossils. Con¬ 
sidering, as Herr Brauns does, that the beds from which these fossils were 
obtained are entirely pleistocene, and therefore altogether newer than the Siwaliks 
and the Narbadas, it would never do that any of the fossils from them should 

* " Ueher japunische diloviale Siugetliiere,” Zcits. d. Dcutscli. Qeol. Gesell., 18S8, pp. 1—83. 

® ibid, p. 9. 
s PI. 66, flg<. 10, 11. 
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be the same as those of either of the latter. According'ly the fossils described 
and figured by Dr. Natunann are re.named as follows, viz.-^ 

Elephas Tneridionahs, S^esti, = Stegodon insignis, Naumann, pis. 3-6. 

Mishas antiqv/n8f Palo. s= Elephas namadicits, Natunann, pis. 6-7. 

Stegodon sinensis, Owen s=s Stegodon clifti, Naumann pis. 1-2. 

Now there is not the slightest shadow of a doubt that the specimens figured 
by Dr. Naumann under the name of 8. insignis are true Siegodons, and belong 
either to the Siwalik Stegodon insignis or 8. hornhifrons ; they have nothing what¬ 
ever to do with a Loxodon like JE'. meridionalis. The molars of E. antiquus^ and 
E. no/madtciUiS are so alike that it is difficult or impossible to distinguish them, 
and, there is therefore at least a probability that Dr, Naumann’s determination 
maybe correct. The specimen figured by Dr. Naumann as Stegodon clifti is a 
typical specimen of the last lower molar of that species, like many in the 
Indian Museum. I can see not the slightest reason why this tooth should be as¬ 
sociated with idle Shanghai milk-molar of the so-called Stegodon sinensis and so 
separated specifically from S, clifti of the Siwaliks. 

There accordingly seems not the slightest doubt but that Dr. Naumann is per¬ 
fectly correct in referring two of the fossil Japanese elephants to Indian Siwalik 
species ; while it is not impossible that a third is a Narbada form; a fourth species 
is, however, referred to the European and North American J?Zepft.cwp‘imigientus, 
and to this Herr Brauns adds the European Bison prisem, Bojanus. 

These determinations lead to the conclusion that the mammaliferous beds 
of Japan in all probability correspond botli with the Siwaliks and Narbadas of 
India (which may there be in normal sequence), with the former of which they 
are connected by the Shanghai, Kansu, Sechuen, and Burmese deposits; and 
that they also contain an admixtufe of European palcearctic forms, which have 
probably reached Japan through northern America. In place of the fauna of 
the Japanese beds being distinct from that of the mammaliferous beds of India 
s .Tid affording any argument for the latter *bemg pliocene and miocene in place 
of pleistocene and pliocene, all the evidence points very strongly to the equiva¬ 
lency of the two, and to the confirmation of the latter view of their age. 

The Lodge, Marpenden, Herts. 


Note on the Ocmrrmce of Mastodon angustidens in India. By R. Ltdekkbb, B.A. 

^c., ^c. 

Several specimens of the “intermediate molars” of a trilophodont jm^todon 
collected by Mr. W. T. Blanford in the lower Manchhars (Siwaliks) of the 
Dera Bhugti country (Eastern Baluchistan), are absolutely indistinguishable 
from the corresponding teeth in the British Museum of Mastodon angustidens, 

Cuvier, of. the upper miocene of Europe. - 

The occurrence of a European species of mastodon on the extreme western 

* I sm indebted to Herr Brauns for pointing out that in “Siwalik and Narbada ftobo»cidia*» 
I hare inadvertently given the age of Slephtu mtiqvm as pUooene inatead of pleistocene. 
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limits of India is a fact of great importance, indicating that we may look for 
a commingling of the faunas of the Siwaliks, and of the European upper 
miooene and lower pliocene in Persia and Asia Minor. 

These important and interesting specimens will be figured in the Palssonto* 
logia Indica” at no very distant date. 


Notes on a Traverse between Almoia and Mussooreo made in October 1882 by R. D. 

OiiDHAH, A.R.S.M., Geological Survey of India. 

The following notes were made on a rapid tour between Almora and Mns- 
sooree during the month of October last; they cannot of course pretend to be a 
detailed description, but are of some interest in view of the question of the 
continuity of the Himalayan rocks in the Almora and Simla regions. 

At Almora the rocks are gneiss and schists of various descriptions, lying nearly 
horizontal on the east of the Kosi, but on the ascent to Bainskhet the dip in¬ 
creases to 45®, the direction being IT. 10° E., a dip which continues steady in 
direction, though varying in amount, till the Gagas is reached. Here the road 
runs over alluvium for a oouple of miles, but rock again shows up on the hill called 
Buridunga; it is a porphyritic gneiss, similar in structure to the central gneiss. 
As the road runs near the northern boundary of this exposure cutting across it 
in several places, it is seen to be fairly straight and presumably a fault, the schists 
in contact with the gneiss dipping south-south-east; at Dwarahat, where the road 
cuts across the exposure here not a mile broad, the dip of the foliation of the 
gneiss has bent round to south-west and, though I was not able to trace the gneiss 
further to the north-west, I have no doubt that it does extend along the ridge 
since in the streams flowing down to the Elhurrogadh blocks of it are not of 
infrequent occurrence. 

Along the road between' Dwarahat and Ganain the only exposure of slates 
seen was below Naugaon on the souljjh-west side of the valley where they dipped 
W. 30® S.j while near Ganain the dip was south-west. 

On the eastern side of this valley, the ridge is capped by limestone (krol), 
which, apparently forming *the peak of Dunagiri, descends further north, at 
the village of Damtola, almost to the bottom of the valley, and is seen to extend 
northwards from Ganain as far as the eye can reach, being confined to the eastern 
side of the valley with the exception of two patches capping the spurs above 
Bushbira and Naugaon respectively. As is generally the case, no dip was ac¬ 
curately determinable in the limestones, but they evidently dip somewhere about 
north-vest. 

Beyond Ganain, where the road leaves the alluvium, slates come in with a dip 
to W. 10° N. and on the ascent become more and more schistose ; the dip at 
the same time becoming fiat^cr, till near Jaur^i the porphyritic gneiss again 
comes in with almost horizontal foliation; this is not improbably a continu- 
ata^^of the Dwarahat exposure. 

The gneiss continues to. near Bongdhar, the only interruption being below 
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tlie Malcroli hilly where a narrow strip of black crush rock is let down by faulting’^ 
Near Bongdhar the slates come in again, at first with a N. 50° B dip at 46°, but 
this soon bends round to the noimal N. 10° B. dip, the schistose slates con¬ 
tinuing beyond this with a dip varying between N, 10° E. and N. 30° B.; at 
the bridge over the Nyar a thin band of poiphyritic gneiss, probably here merely 
a more metamorphosed band among the scMsts, is exposed ; opposite Gwalkura 
quartzites overlie the slates and continue to the bridge between Ghifalghat and 
Fauri. On the crest of the ridge crossed on the road to Pauri quartzose 
rooks come in again, while beyond this the slates are much disturbed, but keep 
a pretly steady E. 10° N. and W. 11° S. strike. 

Beyond Srinagar there is not much of interest to note; the quartzites show 
up on the ridge below Maniknath which is itself capped by limestone, but for 
the most part the rocks are of a recognisable infra-krol type. 

Beyond Tiri, where the road runs along the Mussooree ridge infra-krols, quart¬ 
zites, limestone (krol) and in one place the Blaini are seen, but the structure, as is 
the case everywhere on the outer ridge, is far too complicated to be unravelled 
by a simple traverse along the strike of the rocks. 

I have reserved for separate notice the alluvial deposits, of which I shall 
now mention the more important. 

Between Bainskhet and Dwarahat near the village of Kapalna the road runs 
along the surface of an old lake deposit, of which a narrow strip has been left 
uneroded, the streams on either side having cut deep into the deposits; in both 
the other valleys crossed before reaching the Gagas traces of extensive deposits 
are seen but forming a mere skin on the rocks below, having been almost entirely 
removed by the streams. At Kapalna the gradual raising of the deposits has 
given the drainage an easier .escape^ over a saddle in the watershed into the 
next valley to the west; hence the lower part of the deposit has been exposed 
to the erosion of its own drainage only, while in the other valleys the streams 
flowing down from the hills to the north have almost entirely washed away 
the alluvium. • 

In the Gagas valley there is another alluvial deposit, which, having come 
mostly from the hills to the west, has by its slope forced the river to the eastern 
margin of the plain, where it has now cut for itself a new channel in the solid 
rock of about 60 feet in depth. 

This deposit extends up the Pokhy valley, and some of ^e drainage of its 
western extremity flows into the Ohundas. Here again there has evidently 
been a diversion of the drainage, due to the gradual raising of the surface of 
the alluvinm to the level of one of the saddles in the original watershed. 

Near Dwarahat there is another broad expanse of lacustrine deposits situat¬ 
ed at the head of the Baiaru river. These deposits which, be they lacustrine 
or no, are at any rate formed in true rock basins situated at the very heads of. 
the drainage areas, and rising almost to the level of the watershed have never, so 
far as I awaie, been adequately explained. They are by no means of 
merely occasional occurrence, but are scattered throughout these hills j olm very 
good example being at the head of th«* Blaini river near Solan on the Simla road. 
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The three rivers which meet at Gkmam have all br(»id aJlavial hottoms, part 
being close down to the present level of the streams, the rest forming a terrace 
raised some 30 to 60 feet, but the low level gronnd seems to be merely due to thd 
erosion of the stream, and not to a more recent deposition. 

Near Ganain is a very interesting lake known as the Tnrag Tal; it is situated 
at the head of one of the streams flowing down to Gnnain. In the valley of 
this stream an allnvial flat extends right up to the foot of the Imrrier, which is 
most clearly a landslip, for not only is the gap in the hill from which it has 
descended most evident, but the only other possible explanation, via., a moreine, 
is at once barred by the absence of any other rock but limestone in the barrier 
which is composed entirely of fragments and not of rook in situ. Above the 
barrier is a broad allavial surface, the lower end of which is covered by water 
probably not of any very great depth. The level of this allavium is about 200 
feet above that in the vtdley below the barrier which itself rises 50 feet above 
the upper alluvium; the total depth of the landslip is therefore 250 feet, and 
the time that has elapsed since its fall has been that required for the formation 
of alluvium 200 feet in thickness. 

Near the head of the Binan river there is a small deposit of alluvium as 
also at Chopxyon and Kandura near Powri. 

At Srinuggar and Tiri there are extensive terraces covered with a thiu coat¬ 
ing of river gravel, but in the main merely carved out of the soHd rock. 

The above-mentioned alluvial deposits are all in true rook basins, but only 
the three first mentioned, viz., those near Kapalna, in the Gagas, and at Dwarahat, 
seem, from their uniformity and fineness of texture, to be of lacustrine origin.. 

Though there was never much doubt as to the propriety of correlating the 
rocks on the Almore section with those of thp Simla region, such shadow of it as 
there was may be held to be now dispelled, for in the region crossed between 
Almora and Mussooree the rocks are seen to become gradually less metamorphio, 
and the distinctions of the Bab-divisio:iw but obscurely seen near Almora become 
more and more marked till the rec!^ assume the normal charector which they 
are found to maintain from Mussooree to the north-west. 


Hote on the Gretamm coal-measures at IdoTWOca in the EZhasia TTilla, nea/r Laour 
in Sylhet, by Tou D. Li Touche, B,A., Geological Survey of India. 

1 have visited and mcamined a section of the coal-bearing rooks aitaated at 
the foot of the Khasia iliUs to the north of the district of Laour. . 

The secticm examined occurs in a ravine, at the mouth of which stands the 
Garo village of Borsora, about 5 nules west of the point 
where the Panatibh or Jadukhata river leaves the hills. 
At the edge of the plains on either side of this village nuounulirio limestone is 
f thli a large dipping to south-southeast or tounsrds the phuns 

^ihone baaheaa angle of 38”.* On proceeding up ravine along a 
khf piath the we<*t side of the stream an seotiaos of rook in 

f ^ are seei^ bnt the path is ooverod trith hloekn of 


Pbiitioa of the eeetion. 
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a ooaraeish yellow and Inrow* randstone. The path rises for ahont half a mile 
uoiil the month of a small steep ravine on the west is reached, in the sides o{ 
^hich the coal seams are exposed. 

At the junction of the two ravines carbonaceous shale is seen in the bed of 
the stream dipping to south-south-east at an angle of 12'’. 
tton”**”^^””*^**^**”* Upoiithis rests a seam of good coal 3 feet 10 inches 

thick extending for about 20 yards along the side of the 
ravine. This is overlaid by 5 feet of shaly sandstone, upon which rests a second 
seam of coal 3 feet 4 inches thick. This seam has been disturbed by several 
small faults or slips, and parts of it have been denuded to some extent before the 
deposition of the overlying sandstone, so that its thickness is not so constant as 
that of the lower seam. Proceeding up the ravine about 60 feet of fine yellow 
sandstones are passed over» and a third seam of coal is met with, cropping out 
on both sides of the ravine. The thickness of this seam could not be determined 
exactly^r as a small landslip has occurred in the rocks above, and has partly 
covered it, but it is at least 4 feet thick, though not quite free from shaly 
partings. Above this the ground is covered for 50 or 60 feet with the debris 
from the slip above mentioned, consisting of fine yellow sandstones and shales 
with many fragments of coal, and above this again, at the top of the section, is a 
fourth seam, of shaly coal, 2 feet thick. In the whole section therefore of about 
150 feet there are about 12 feet of good coal, distributed in three seams as shown 
below, in descending order:— 


Shaly coal . 

Fine yellow sandstone and shale 
Coal seam, No. 3 . ! . . 

Fine yellow sandstone .... 
Coal seam. No. 3 .... 

Shaly sandstone . . e > 

Co(A seam. No. 1 . . . . 


Ft. Ins. 
about 2 0 

j, 6Q 0 

» 4 0 

„ 60 0 

..3 4 

,.6 0 

« S 10 


Carbonaoeoue shale, thickness unknown. 


Total 


138 2 


The coal of seams ITos. 1 and 3 is much disintegrated by exposure, so that it is 
difficult to get good specimens for analysis, but it appears 
Quality of the coal. to be a very good coal, with a bright fracture and black 
colour, contaming numerous specks and nests of a kind of fossil resin. This re¬ 
sinous substance, which is characteristic of the coals of this region occurring in 
cretaceous rocks, together with the position of the seams below the nummulitic 
limestone, shows that the coal is of the same age as that of the Garo hills and 
the small basin at Maobelarkar, and is therefore distinct from the coal of Cherra 
PoonjeiEij which' oocQXB above the limestones. The coal of seam No. 2 is more 
®mnpaict and Iwjwner in colour, and is traversed in all directions by small joints. 
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It contains specks of the fossil resin. Samples assayed in the Snrv^ lahora> 
toiy by SnboAssistaait Hira Lai ^ye*ihe following satisfisotory results :■<— 

Ssam, 


Moisture . . 


• 

• 

Jfo. 1. 
A84 

No. 2. 
8-02 

Other volatile matter 

« 

• 

• 

. 8616 

89-58 

Fixed carbon 

• 

« 

• 

. 50-40 

50*80 

Ash 

• 

• 

• 

860 

6-60 





10000 

100-00 


No. 1 does not cake ] ash pale red. 
No. 2 cakes; ash led. 


The section examined m vezy similar in some respects to one descril»d by 
Captain H. H. Qodwin-Austen (Jour. As. Soo. Bengal, 
^ftobahle extent of the XXXVIII, Pt. n, No. 1, 1869) as occurring on a 

small tributary of the Umblay near the village of Nong- 
kerasi, about 10 miles to the north-vrest of Borsora; but to determine whether 
the coal-measures are continuous between these points would require a more de< 
tailed examination of the district than I was able to make. The only means of 
getting sections in such a country is to follow up the hill streams in which frag¬ 
ments of coal are found to the outcrop of the seam, and at this season (June) 
these streams are liable to sudden floods and become quite impassable. If it 
should be found that the coal does'extend between these points, its amount must 
be very large. 

The outcrop near Borsora is very favourably situated for being worked. It is 
Position of the seams more than half a m^e within the hills and at a low eleva- 
as tegi^ extrootiott of tion above the plain. The coal rises from the outcrops so 

that npnes or quarries could be easily drained. The foot 
of the billH is only 1 mile from the Patl%i river, a branch of the Jadukhata, and 
during the rains boats can come up t6 within a few hundred yards of the ^ills. 

Even now great numbers go dose to the spot during the rains to cany away 
limestone from the numerous .quarries between Borsora and Lakma. 
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PaloBontohgical Notes from the Daltonganj and Hutar coalfields in Ohota Nagpur, 
by OttokXs Feistmakxei., M.D., PaUeontologist, Oeoiogieal Survey of India. 

The above two coalfields were sxirveyed by Messrs. Htigbes • and V. Ball * 
respectively, but no fossils were known from eitber of them. It was, however, 
of interest to ascertain whether fossils occurred there and of what character they 
were, as it was quite to be expected that some portion of the coal beds in one or 
the other might be of the age of the Karharbari beds. I was consequently last 
winter deputed to visit these coal-fields and to examine them for fossils. The 
results were satisfactory enough, as not only were fossils met with in good 
numbers, but they were also sufficiently clear to allow of some of the horizons 
being fixed with much probability. 

The DaUongavj coalfield: 

This coalfield is situated about 50 miles'w^st of Hazarib£gh, and is traversed 
the Koel and Amdnat rivers. The rocks represented in the coal-field are the 
Talchirs and the coal-measures. These were hitherto assigned to the Bar/lkar 
group of the Damuda subdivision of the Gondwana* system. The examination 
of the fossils, however, showed that these coal beds of the Daltonganj field most 
probably are of the age of the Karharbdri beds. 

The various outcrops in this field are described in Mr. Hughes’ report; 
I visited most of them with the view of examining them for fossils. 

Outcrops at Stngrra. 

At the junction of the Hoel and AmAnat rivers, about 5 miles north of Dal¬ 
tonganj, near Singra, where mining is carried on to some extent, there is a good 
exposuie of the coal-bearing rooks, consisting of sandstones and sandy shales, 
with three outcrops of coal seams. 

The bash of the section close to the river surface consists of a series of 
sandy micaceous ■ grey shales, ■^hich are on the whole unfossilifmTOUs; but very 

» Mem. a. S. I., Vol. VIII, H. 2. 

» Ibid, VoL XV, PI. 1. 
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neaitljr at the base there is a stratiun in which some leaf impressions occur; they 
are ttot distinct, though the following can be recognised.— 

^ angamopterii cgehpteroides var. attenuafa, 

Olottoptens communis, Feistm; large leaves. 

„ indica, Schimp. 

The stratum immediately above this bed contains root-like impressions tra* 

' versing the rock in various directions; in some cases they appeared to me to be of 
VertdMraria. Above this bed is the coal outcrop, represeniiDg the first seam of 
the series. 

Above this follows a series of sandstones and shales, without any trace of 
fossils, underlying the second seam. Above this seam there follows a series of 
grey sandy shales, with a band of hard and light grey shale. 

The third seam, which now follows, is not exposed in this section on the 
river, but a little further to the south. In a soft fine shale, of grey colour with 
I’eddish tints, above this seam tho following fossils were found:— 

Verieiraita indica, Boyle. 

Tfbggerafhia htslopt. Bomb. (Feistin.); numerous. 

Samaropsts parvula, Heer. 

Seeds, may be of the foregoing species. 

These fossils, though not very numerous or quite decisive, yet show an ensem¬ 
ble like those from the third K!arbarb£ri seam or from the Mohphni coal seams, 
both of which, there is little doubt, belong to the Karharbari beds. 

This Karharbfiri character of the fossils is, however, more distinctly expressed 
in some other outcrops to the north of Singra. 

. Outcrops at Itajhera. 

There is no mining carried on at present at this place, though there are traces 
of old workings; there is, however, no want of outcrops, one of which yielded a 
good number of fossils. • 

In a nala to the south of Eajhera there are at first sandstones like those 
above the first seam at Sin^. Lower down below the sandstones there is an 
outcrop of gi'ey sandy micaceous shales, about 5 feet thick; in about the middle 
of these shtdes, and I think representing the coal outcrop, is a band of a darker 
shale, which breaks irregularly, with somewhat a sphceroidal structure. I think 
this outcrop represents the first seam of Singra. 

The above-mentioned dark shale band*is full of leaf impressions, which are 
in most oases very well preserved, and amongst which the following species could 
he recognised:— • 

Olossopteris communis, Feistm.; voty large leaves with a thick midrib and rmj close and 
tuuTow meshes. ^ 

Qlossopims tndtca, Sebimp. 

„ dwipiens, Feistm.; one qtecimen like the species from the Ssrharbdri 
coaldeld. 

QamgtmopUrU cgetoptsfeides, Feistm. The true original form like in the Talcbirs 
and Karharb&rU; in various states of preservation, but also showing distinctly the 
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Oangamopteria v»r. neiauriettlata ; one nice apocimen, with doubled up margin. 

„ irar. afienuata. 

, Sumaroptit, comp, pamtla, Heer; just like some from the Karhnrb&ri beds. 

Toltsta—* braiicblet of a coniferous plant, belongs I think to this genus. 

There are some other shale outcrops east of Bajhera, which, however, did not 
yield many distinct fossils, though the rock in which they occurred, a sandy 
shale of greenish'brownish colour with reddish tints, resembles one in the 
Mohpdni coalfield containing fossils of the Karharbiri type. The only fossils in 
the present instance were: Olosaopteris communis, Feistm., and Equisetaceous stems. 

A comparison of the fossils named above with those from other coalfields 
will show that they bear the character of those known from the Karharbdri beds, 
and there is little doubt that the coal seams of the Daltonganj coalfield, at least 
those where fossils were found (at Singra and Bajhera), are of the age of the 
Karharb&ri beds, which circu m sta n ce would perhaps add not a little to the impor¬ 
tance of the coalfield. 


The Eutar coalfield. 

From this coalfield, which is situated on the Koel river to the south of the 
Daltonganj field, and which was surveyed by Mr. Ball, I have also brought a few 
fossils. I visited first the outcrops on the northern margin, south of the village 
Nowadih. Here the coal-bearing rocks are in contact with the Talchirs. Follow¬ 
ing a nala which joins the Supuhi river close to where the road from Daltonganj 
crosses the former, at first several outcrops are found between massive sandstones 
with a south-west dip; in these no fobsiJs were found. Further on, close to the 
junction of the coal-bearing rocks with the Talchirs, there are other outcrops of 
strongly carbonaceous shales, quite glose to the Talchirs, in which the following 
fossils were found 

Qungamopteris epdoptiroides, Feistm. ' 

„ var. attewttota. 

These carbonaceous shales pass without break into strata which belong to the 
Talchirs, and are conformable with the former; the rock is, however, not of the 
usual kind, being still somewhat carbonaceous Aale, although undoubtedly 
already in the Talchirs; here also some fossils were found;— 

Sqimiietaeeoiu stems. 

Oai^amopterit egolopteroides, Feistm. i typical form. 

„ var. sHbaurienlaia. 

If we cnTiaidar now these latter as belonging to the Talchirs, then the carbo¬ 
naceous outcrops in close proximity to them are perhaps either of the same age, 
or else represent the Karharbftri beds, while the higher outcrops would have to 
be considered as representing the Bar&kar group. This is the only locality where 
these relations could be recognised. 

Further to east, at the village Hutar, there are again some outcrops, also 
epparently in conformity with the Talchirs; some fragments of fossils were found, 
but insufficient to determine the horizon; I should, however, feel inclined to 
consider them as Barfikai’s. • 
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Somewhat better foenils were met with near the east end of the field, north 
of Saidopo. At the confluence of the Danri and Ghoraam streams there is a 
groat displaj of beds. At the bottom of the soction close to the river surface Is 
coal, over it lies coaly shalo, then grey sandy shales, above which follow sand, 
stones of yellowish and reddish colours. 

The fossils occurred in the black coaly shale above the coal, and the following 
could be recognised:— 

EqMseitteeow steniv; very numerotu. 

Gloasojtieru tndica, ISchiinp. * 

w damudtea, Feistm. 

Cam/arous branch like Volieia, 

To judge from these fossils, the outcrops can be considered as belonging with 
great probability to the Barakars, and the same appears to be the case with the 
other outcrops in the field, so that only on the northern margin of the field would 
the fossils allow of a more varied grouping of the beds. 

Some of the fossils gathered on this occasion fiom the Daltonganj and Hutar 
coalfields will be figured in the Palajontologia Indica, together with some others 
collected on a previous journey in the Aurunga and Kfiranpura coal-fields. 


Oil the altered basalts of the Dalhousie region in the North-Western Himalayas, 
by CoLONkb C. A. McMahok, F.G.B.— (With two plates). 

In my paper on the Geology of Dalhousie, I have already described the mode 
of occurrence of the rocks ot the volcanic series in the Dalhousie area, and it 
only remains to note their petrological diaracteiistics as seen in thin slices 
under the microscope. 

Specimens from the Bagrdr ridge. 

No. 1.—A dull green amygfdaloldal rook weathering to a light brown colour. 
Sp. G. 2*85. The amygdules are of small size and are composed of scolecite, 
dclessite, and a red zeolite.« A little iron pyrites is to be seen here and there. 

M.—This slice closely resembles an undescribed specimen of the Darang traps. 
Angite is abundant, and is in irregular-shaped elongated pieces; none of it is 
fresh, and the felspar is also considerably kaolinised. Viridite is abundant, and 
the slice contains epidote in a granular form. Scolecite not only fills amygdules, 
but has replaced much of the original material in their vicinity. 

No. 2.—A greyish-green amygdaloidal rock weathering to a'light brown 
Sp. G. 2*86. The amygdaloidal cavities* are filled with quartz and scolecite, 
and specks of iron pyrites are to be seen here and there in the rock. 

M.—The amygdules are eqmposed of scolecite, quartz, and viridite, the latter 
containing many crystals of epidote. Cracks in the rock and in the amygdules 
are filled with viridite and a yellow substance resembling epidote. The viridite 
is of the serpentinous variety. 

The angite is altered almost past recognition, but it can be doubtfully made 
out*hore and there with the aid of polarised light. The small felspar prisms 
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are still to be traced, but all siguB of twitming Has disappeared, and the felspars 
bave been so eaten into, aud replaced by tbe green alteration-product, tbat their 
Outline is irregular. The whole rook is permeated through and through with 
this green product of alteration, and all the outlines of the original minerals 
have become confused and hazy. No trace of magnetite remains. 

The quartz which occurs in the centre of an amygdule surrounded by scolecito 
has a dusty appearance, which on the application of high powers ( x 800 to 500) 
is seen to be caused by a multitude of extremely minute liquid cavities, many of 
which have movable bubbles. The liquid in some of the cavities is red 
coloured. The quartz appears to have formed after the scolecite which lines the 
amygdaloidal cavities, as it conforms itself to the outward form of the scolecite 
crystals. 

No. 3.—A. grey-green compact rock. Sp. G. 2*81. 

M.—This is quite a typical lava. The base which forms a prominent object in 
the field of the microscope is considerable in amount in proportion to the 
imbedded crystals, and probably constitutes more than one-half of the whole. 
It is greenish-white in reflected, and something between a brown and an olive 
green in transmitted, light. It is not at all dichroic, and it does not polarise 
between crossed nicols, but changes from dark to its natural colour, much light, 
however, being absorbed. Under high powers it is resolved into very minute 
granular matter. This base is evidently a partially devitrified glass and repre¬ 
sents the residuum left uncrystallized owing to the rapid cooling of the rock. 

In this base, besides the larger crystals to be described further on, minute crys¬ 
tals of felspar, often acicular in shape, are scattered about, which are I think 
very characteristic of a rapidly ;cooled lava. Some of them have enclosed por¬ 
tions of the base, as in fig. 7, plate II, whilst others are in skeleton or incomplete 
forms similar to those depicted at figs. 1, 3, 4, 5, and 6, which are given as 
samples only, the shape of these minute crystals being very varied.* 

In this base, besides the minute crystals just described, comparatively large 
ones of felspar and augite are arranged in dusters and groups. 

In my paper on the basalts of Bombay I described the penetration of felspar 
by augite and of augite by felspar as a structural peculiarity very characteristic 
of volcanic rooks. This structure is more than usually prominent in this slice; 
indeed a large proportion of the augite and felspar crystals are interlaced and 
intermixed in a way that is very striking, and is often very complex. It would 
seem as if the first formed crystals floating about in the fluid base before they 
attained aiiy size were drawn together by mutual molecular attraction, and that 

* Kgi. 6,' 7, and 10 closely resemble some of the figures depicted in fig. 4, plate XI, Zirkd’s 
Microscopic Petrology of the 40th parallel. .Zirkel considers the forms shown in fig. 8, plate XI 
of bis work above quoted as " probably a felspathic crystalline product of devitrification." Un- 
fortunately ” devifetification,” as at present used by microscopists, is a very ambiguous term; thus 
Mr. P. Bntley, in a paper published in the Q. J. G. S. XXXVI, 407, writes of a rock described 
therein: “In the first case, it may be regarded as an obsidian devindfled af t^« ; in tbe 

second, as an obsidian devitrified t» iit old eye.” Does Zirkel mean tbat the skeleton crystals he 
describes are congenital or epigeuital P If the latter, I think be bos missed tbe point of tbe 
matter. 1 think these imperfect forms ere tbe result of rapid cooluig and correspoud to the 
skeleton crystals of slagfs. , 
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the growth of the orjstalB then went on side by side so rapidly that they em¬ 
braced and interlaced each other in the act of orystaUization. 

At fig. 1, plate I, the sketch of a portion of this slice, magnified 30 diameters; 
is intended to give a general impression of its appearance in the field of the 
microscope, and the way the imbedded crystals of augite and felspar group 
themselves together in the base—one long band of the associated minerals forming 
a sort of festoon across the centre of the field. 

At fig. 2 of this plate I have given a sketch of another portion of the same 
slice, magnified 60 diameters. The singular way the augith has embraced the 
felspar prisms is shown in the sketch. The feathery kind of termination of some 
of the felspars reminds me of those shown at fig. 2, plate I, of the illustrations to 
my paper on the Bombay basalts, and suggests the feathery terminations, 
described by Dr. Sorby, of the felspar of slags. 

Other iUustrations of the intergrowth of augite and felspar are given at figs. 2, 
8 , 9, and 11, plate II. 

In a previous paper I quoted a passage from Dr. Geikie on the Yolcanic rooks 
of the basin of the Firth of Forth, showing how felspar prisms “ shoot” through 
crystals of augite as though they were '* intrusive.” Such figures, as the extra¬ 
ordinary ones represented at figs. 9 and 11, plate II, certainly imitate ” intrusion ” 
in a remarkable way, and at first sight suggest the idea that the felspar must 
have filled cracks in the augite crystals at a period subsequent to the genesis of 
the augite; but, I think these singular appearances are simply due to the fact 
that the crystallization of both the felspar and augite proceeded rapidly at the 
same time, and that the supply of material for the formation of the two minerals 
fluctuated. It will be observed, moreover, in fig. 2, plate I, and in figs. 2 and 9 
of plate II, that the felspar is attenuated in the centre of the augite and expands 
rapidly at the edges. I have observed this ^ be a general rule, and have seen 
many oases of it much more striking than those in the illustrations to which 
attention is directed; and I tliink this peculiarity shows that the augite did not 
crystallize around previously formed lelspar prisms, but that the ciystallization 
of the two minerals proceeded simultaneously, and that the supply of felspathic 
material was, for a time, cut o£E by the vigour with which the molecules of augitic 
matter came together. 

In fig. 2, plate I, and figs. 1, 2, 3, and 9 of plate II, I have attempted to 
illustrate a tendency observable in felspar crystals to fray out at their ends, or 
rather to throw ofE long hair-like prisms or appendages. This peculiarity is 
another indication, I think, of rapid cooling, showing that as crystallization 
proceeded, the supply of material was cut off by the loss of perfect ■ freedom of 
molecular motion consequent on cooling; bonce these crystals were unable to 
assume a perfect crystallographic form. 

I dwell, upon these details at some length, because they are not without interest 
in themselves, and because il is chiefly by noticing characteristio structural 
peculiarities that we are able to distinguish, between l^io volcanic and basic 
plutonic rocks. 

All the augite in this slice is of irregular shape; a few ciystals only are 
twinned. 
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.If we except the minute ciystals just described, and those caught up in 
•augite, the felspar crystals seen in this slice are as a rule well shaped, though 
many, even of these, are frayed out at one end ; that is to say, they have thrown 
out one or more long and slender terminal prisms indicating that their crystalliza¬ 
tion, though deliberate at first, was ultimately brought to a sudden and rapid 
termination. 

Here and there the felspar exhibits the multiple twinning of triclinic felspar; 
a few sanidine prisms exhibit single twinning; but in most of the crystals all 
trace of twinning is absent. The substance of the prisms has been much invaded 
by greenish granular matter similar to that seen in the base, and it is difficult to 
say whether it was caught up in the act of crystallization or whether it is the 
result of subsequent alteration. 

The slice contains no magnetite, and some of the felspar is sanidine. There are 
a few fields of viridite in the slice. 

No. 4.—A greenish-grey compact rock weathering to a light brown colour. 
-Sp. O'. 2*84. 

M.—This slice exhibits the usual arrangement of felspar and augite scattered 
about in a devitrified glassy base. Some of the felspar is seen to be triclinic, but in 
the majority of cases, owing to kaolinisation, the twinning is no longer to be 
‘ traced. I think, however, from a consideration of the azimuth at which extinction 
occurs, that some of the felspars are probably sanidine. 

This slice contains numerous instances of the enclosure of the glassy base by 
felspar in the act of crystallization, similar to those already described. An 
illustration of one of these is given at fig. 10. In some instances these enclosures 
run the whole length of the prism and maintain a uniform thickness throughout. 
Another illustration of one of. these enclosures is given at fig. 12, plate IL* In 
this case the magma enclosed has thinned away towards the centre of the prism, 
being thick at both ends. It is not a case of twq prisms in close conjunction 
as one might suppose from the illustration, but of one prism with the glassy base 
caught up in it. ^ 

The augite in this rock is much altered. The slice contains several cracks, 
filled with quartz, which die out within the slice itsejf—ci'acks formed I presume 
on cooling. 

greenish-g^rey compact rock, brown and rotten at the edges. 

Sp. G. 2*69. 

This rock occurs on the margin of the outcrop where the trap first appears. 

M._The whole ground mass has been converted into viridite in which the 

felspar ciystals are starred about. 

Here and there the triclinic character of the latter can be made out, but their 
internal structure has been a good deal altered into granular matter. Scattered 
through the slice are granules of a dichroic yellowish mineral which n^ppears to 
be epidote. Its shape is irregular and its internal structure is micro-granular. 
No augite is visible. 

* This crystal somewhat resembles one of the crystallites in pearlite depicted at fig. 20, plate Ij 
Zlrkd's Slicroscopic Fetroli^y of the 40th parallel. 
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Descent from Dhalog to Sanddra on the Ravi. 

No. 6.—A greenish-grey compact rook weathering brown. Sp. G. 2 80. Thi^ 
rock occurs where the trap first crops out. 

M.—One of the first objects that strikes one on looking at this slice is the 
abundance of the light brown glassy base which is partially devitrified into fine¬ 
grained granular matter. In this base crystals of felspar and augite are scattered 
about. Vety little magnetite or ilmenite is to be seen, but there is much 
leucoxene, the product of the decomposition of the latter. 

Much of the felspar is seen to be triclinic, but some o( it is sanidine, and 
probably both are equally abundant. The felspar is considerably decomposed by 
the invasion of viridite, and part of it is coloured red by the presence of fine 
granular matter in it which is too minute to be determined. 

Augite is abundant in irregular shaped prisms, and much of it is twinned. 
It is not in a fresh condition, but its alteration is not in an advanced stage. 

Water has percolated freely through the rock, and meandering lake-like spaces, 
plugged with scolecite and viridite, are to be seen here and there. Flakes of mica 
are scattered through the viridite. 

The penetration of augite by felspar prisms, which are more attenuated in the 
middle of the augite than towards the margin of the latter, similar to those 
previously described, is very frequent. 

Na 7.—^A greenish-grey Compact rock, somewhat mottled in appearance. 
Sp. G. 2-84. 

M.—This slice in its general aspect very closely resembles No. 3, except that 
the felspar prisms and augite crystals are better formed and are of more regular 
shape. 

The felspar is almost completely kaolinised, and all trace of twinning has con¬ 
sequently been obliterated. Nearly all the augite is partially altered. No un¬ 
changed magnetite is discernible in this slice or in No. 3. A portion of this slice 
is depicted at fig. 3, plate I. . 

No. 8.—^A greenish-grey compaA rock with streaks of epidote in it. Sp. 
G. 2-87. 

M.—Epidote, associated with quartz, forms large veins running through the 
rock and takes up the greater part of the slice j whilst smaller veins of epidote 
alone, and of quartz alone, traverse it in other directions. The general mass is 
likewise much penetrated by epidote. The epidote is in a minutely granular 
condition, though well shaped microscopic crystals are to bo seen in abundance 
along the edges of veins. ' 

The rock itself consists of the usual felspar crystals starred about in a devi¬ 
trified glassy base. All the felspar crystals *are greatly altered and invaded by 
granular nmtter. No unaltered augite remains, and nothing distinctly recognis¬ 
able as augite. Eod-like andHdendritic forms of magnetite are abundant in the 

No. 9.—A greenish-grey compact rock. Sp. G. 2*76. 

K.—^Augite is abundant and is in rather massive, irr^fular shaped prisms. 
The slice contains, however, one long slim augite. Twinning is not common. 
All tUe augite is more or less browned as the result of partial alteration. 
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The felspar is in well-shaped prisms of moderately large size. It is much 
kaolinised, and the twinning can only be made out here and there. The slice 
apparently contains both plagfiociase and sanidine. 

Amygdnles of viridite (delessite P) and scolecite are prominent, and flakes of 
mica are to be seen in both. All the ilmenite has been converted into leucoxene. 

Trajp from the Ravi section between Simliv, and Kairi. 

No. 10.—A mottled greenish-grey compact rock. Sp. Gt 2*78. 

M.—^Augite is abundant in this slice, bat it is all more or less altered and 
converted here and there into a serpentinons product. 

The felspar is greatly kaolinised. A serpentinoua variety of viridite is abun¬ 
dant and contains some crystals of epidote. 

Here und there the original glassy base, now partially devitrified, is still to 
be made out. 

No. 11.—A mottled greenish-grey compact rock. Sp. G. 2‘86. 

M.—This slice is very similar to the last, but the augite is still more altered. 

An irregular vein filled with epidote meanders through the slice. The 
triclinic character of some of the felspar can still be discerned, but the rest is 
completely kaolinised. 

No. 12.—A pale greenish-grey, perfectly compact rock with a vitreous aspect. 
Sp. G. 2-84. 

M.—The slice consists of a devitrified glassy base in which numerous crystallites 
of felspar are starred about. The base is composed of micro-granular matter 
of grey colour with a faint greenish tinge in it. DifEused through this are 
patches of minutely granular matter, of irregular outline, that polarises between 
crossed nicols. It is probably imperfectly formed epidote and may possibly 
represent pre-existing augite. 

The slice is traversed by numerous veins filled with crypto-crystalline and 
apparently felspathic material crowded with countless, colourless, hair-like 
microliths. These veins were apparently filled by an exfiltration process during 
the cooling of the rock. 

Below the Staging Bungalow Mdmul 40 the west. 

No. 13.—A mottled compact rock varying from green to purple. Sp. G. 
2‘73. B.B : fuses to a black magnetic bead. 

M.—This slice consists of a glass, partially devitrified and exhibiting flow 
structure, containing a large amount of ferruginous, minutely granular material, 
arranged in flpcQulent masses. Much of it is peroxidised, and this imparts a red 
appearance to the slice in reflected light. In this base are scattered minute and 
irregular shaped prisms of felspar which exhibit no twinning. A compara¬ 
tively large one has the multiple twinning of a triclinic felspar. Here and there 
patches of lencoxene are to be seen, but no augite. 

The slice contains a few shapeless grains of a dichroio and minutely granular 
miaezal ich appears to be epidote. 

No. 14.—-A greenish-grey compact rock. *Sp. G. 2’86. B.B : fuses easily to 
a dark bead. 
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M.—^T1 u8 slice consists of a dbvttrified glassy base in wMoh imperfectly 
fcnmed ozystals of felspar are scatter^ about. It very much resembles No. 12* 

f 

Oonclusion. 

All tbe above specimens give abundant evidence of having been lavas erupted 
at the surface of the earth’s crust. No eidsting volcano could yield a more 
typical lava than No. 4. 

The Dalhousie traps appear, on the whole, to belong to the basic type. 
No. 5 may possibly belong to the intermediate series, but No. 13 was evi¬ 
dently a highly glassy Irock, approximating to a basalt glass, and No. 5 may 
have belonged to this class also. 

Augite is abundant in all the' other specimens except in Nos. 12 and 14 
(in which it is wanting) ; and their specific gravity ranges from 2*76 to 2*87; 
their average being 2*83. The specific gravity of Nos. 12 and 14 is 2*84 and 
2 *86. All the specimens described in this paper, except No. 6, clearly belong to 
the basic class. 

Sanidine is present in most of the specimens, but it plays a subordinate 
part. The presence of a small amount of sanidine, even in true basalts, is 
not specially remarkable.^ 

Considering the extent to which alteration has proceeded, the absence of 
olivine was only to be expected, for it is one of the first of the basaltic minerals 
to decay, and it may have famished the materials for the formation of some of 
the secondary minerals so abundant in these rocks. On the whole, I think, the 
Dalhousie traps .may be classed as altered basalts. 

The next question which arises is whether the microscopical examination of 
these rocks throws any light upon their geological age. 

The idea that basalts are tertiary rocks has long since been exploded, and 
it is now known that they may be of any age. Moreover, those who formerly 
held that basalts are of tertiary age vyould probably have classed the rocks now 
described as melaphyres. I discafd the name melaphyro myself, because its 
use is apt to be misleading, inasmuch as altered plutonic rocks are sometimes 
included under that term. , 

All tho specimens examined sho|r that the Dalhousie traps are greatly altered. 
In none is the augite fresh; whilst in some it is altered almost past recognition. 

The felspar is, as a rule, more or less kaolinised; whilst throughout the slices 
secondary products are abundant. 

The extent to which alteration has proceeded in these rocks is in my opinion 
a good argument in favour of their being of considerable geological age. 

The alteration exhibited appem:u, from the aspect of the rocks under the 
microscope, to have been the result of either the slow percolation of water or 
of hydro-thermal agencies. Jhis alteration is not a mere local peculiarity, but 
appears to prevail throughout these rocks and to extend over a large area. 

Considerable time must surely have been required for the production of the 
uniform changes to be seen in these dense traps. In the absence of evidence to 

‘ See Zirkd’s Microseo o Petrology of the 40th Parallel, pp. 216-229. 
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the contrary, I think we nay safely conclude that the extent of alteration 
afEords, in a rough way, a measure of the age of these rocks. 

The basalts of Bombay are believed to be of upper cretaceous or lower tertiary 
age ; and if we compare the extent to which alteration has proceeded in the two 
rocks,—both being basic lavas of much the same character—I think it is logical 
to infer, unless and until evidence to prove the contrary can be adduced, that the 
traps of the Dalhousie area are considerably older than the basalts of Bombay. 
The result of their examination under the microscope is therefore to support the 
conclusion, as to the age of the traps described in this paper, arrived at on other 
grounds in my paper on the geology of Dalhousie. 

EXPLANATION OP PLATES. 

Plate I. 

Pig. 1. Altered basalt. Dalhousie. Slice No. 3. Sketch intended to give a 
general idea of the way the augite and felspar crystals are inter- 
laced and grouped together in clusters. 

Fig. 2. Another portion of the same slice showing the feathery terminations of 
some of the felspar crystals and the intergrowth of augite and 
felspar consequent on the simultaneous cxystmlization of these 
minerals. 

Fig. 3. Altered basalt.' Dalhousie. Slice No. 7. Crystals of felspar and augite 
are seen scattered about in a partially devitrified glassy base. 

Plate iK 

Pig. 1. An incomplete or skeleton form of felsp&r crystal. Slice No. 3. The 
result of rapid solidification. 

Pig. 2. Intergrowth of augite and felspar, the result of rapid cooling. Slice 
No. 3. 

Fig. 3. Another skeleton form of felspar crystal. Slice No. 3. 

Fig. 4. Ditto. 

Fig. 5. Ditto. 

F\g, 6. Ditto. 

Pig. 7. Skeleton crystal of felspar which has, owing to rapid cooling, enclosed 
a portion of the base. Slice No. 3. 

Fig. 8. Intergrowth of augite and felspar. Slice No. 3. 

Fig. 9.. Ditto. 

Fig. 10. Enclosure of the base by a skeleton ciystal of felspar. Slice No. 4 
Fig. 11. Intergrowth of augite and felspar. Slice No. 3. 

Fig. 12. Enclosure of glassy base by skeleton crystal of felspar. Slice No. 4. 
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On the microscopic structure of some sub-Himalayan rocks of tertiary age^ 

by Colonel C. A. McMahon, F.G.S. 

No. 1.—A fine-grained sandstone of tbe Sirmur series, containing a fossil leaf, 
found 1^ Mr. Medlicott south-east of Ohune, on tbe Bavi. The following note 
on this specimen is taken from the Records of the Survey of India, Vol. IX, p. 
62:—“ In this very crushed, probably inverted, outcrop I found a characteristic 
sample of the Easauli plant bed, the only occurrence of it known west of the 
Sutlej.” 

M.—The grains of quartz in this slice are nearly all angular, and only a few 
here and there are snbangular. 

Gbainsof granular limestone are numerous, and one fragment of felspar is pre¬ 
sent. Leaves of biotite (?) and muscovite are to be seen here and there, and are 
evidently original constituents of the rock and were deposited along with the 
sand. The leaves of mica are bent round and conform to the external shape of the 
grains between which they are jammed. The sand of our Panjab rivers .is full 
of fragments of mica. 

The slice contains some green dichroic grains that may have resulted from the 
degradation of trap. It also contains fragments of garnet and of schorl. 

The interstitial mud has bpen converted into a crypto-crystalline material. 

I have only detected liquid cavities, with movable bubbles, in one grain of 
quartz. The bubbles are extremely small ones. 

Specimens of fme-grained sandstones from Bhond.^ 

No. 2.—This specimen closely resembles the last described. It contains frag¬ 
ments of schorl, muscovite, and grefh mica, terrains of calcite are present, but they 
are not so abundant as in the^ last. There are some micro-gamets and a little 
hasmatite. I have observed no liquid cavities in the quartz. 

No. 3.—The same as the last. TJhe slice contains four minute fragments of 
plagioclase. Calcite is sparce, and the quartz contains uo liquid cavities with 
bubbles. 

No. 4.—This specimen is very similar to the preceding ones. It contains 
more calcite than the last and more argillaceous material. It contains neither 
schorl nor garnet, buuliquid cavities with movable bubbles are present in the 
quartz. ^ 

5 .—^Xhe grains of quartz are in angular fragments closely dovetailed 
together. The interstitial mud which occurs in patches is dark between crossed 
nicols showing doubly refracting fibres scattered about in it, apparently of 
felspathic material. 

The slice contains some grftins of schorl and ^gments of green mica and 
muscovite. Some of the grains of quartz contain liquid cavities with movable 
bubbles. 

In this, and one of the previous slices, a quartz grain contains a microlith 
with an internal shrinkage cavity,-^ circumstance that indicates an igneous 

• > ttfloord* XVI, p. 35. 
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origin and shows that the grun of quartz was derived from the waste of granite 
or similctr rook. 

• No. 6.—This slice consists of fragments of quartz and a muddy cement con- 
verted into a crypto-crystalline material; it contains fragments of schorl, mus¬ 
covite, green mica, calcite, and one of garnet. There are patches of chloritic ma¬ 
terial here and there. 

Some of the quartz grains contain liquid cavities with movable babbles. 

Red clays — Bhond. 

No. 7.—This consists of angular pieces of quartz and fine fragments of mus¬ 
covite imbedded in very fine red mud. Patches of haematite are present here 
and there. 

No. 8.—Much the same as the last specimen. There is less mud and more 
fine-grained siliceous material and more white and green mica. The slice is of 
somewhat variegated colour owing to the presence of dark and clear irregularly 
defined bands. 

In one of the quartz grains I detected liquid cavities with small movable 
bubbles. 

No. 9.—Much the same as No. 7. Muscovite is more sparse, and I have not 
detected any liquid cavities in it. 

KasauU sandstones. * 

No. 10.—This slice consists of angular fragments of quartz and patches of con¬ 
solidated mud; it contains pieces of schorl, leaves of silvery and of a yellowish- 
green mica; also a piece of triolinic felspar; a few small garnets and a fragment 
of a larger one. 

Some of the quartz grains contain movable bubbles, but they are small and 
sparce. One grain of quartz contains a micbajith of hornblende, in which are 
numerous grains of opacite and several enclosures with fixed bubbles in them. 
Another quartz grain is fuU of transparent haar-Uke belonites. This specimen 
contains no calcite. * 

No. 11.—This slice greatly resembles the last. It contains muscovite, a red¬ 
dish-brown mica, schorl, numerous large pieces of garnet, a little granular 
calcite, a fragment of epidote and fragments of a carbonaceous slaty rock. The 
muscovite is in good-sized leaves. / 

Some of the grains of quartz exhibit a polysynthetio fracture, whilst others 
contain microliths of muscovite similar to those so characteristic of the gneissose 
granite of the North-West Himalayas. There are some fragments of crypto-ciys- 
talline mica (another characteristic of the gneissose granite) and a grain of fibrous 
felspar (a form of microcline,—see Records XVI, 131). 

There is a amall fragment of triclinic felspar and, I think, of decomposed or- 

thoclase. 

Some of the quartz contains liquid cavities with movable bubbles. 

Bakloh sa/ndstones. 

Nos. 12 and 13.—These slices consist df angular and sub-angular grams of 
quartz set in mud. The quartz is not very clear or pellucid, being here and there. 
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mUky and opaque ; and some of the grains exhibit a polysynthetic structure. 
The earthy portion is stained yellow with oxide of iron, and here and there 
brown dots appear which are probably limonite. 

No calcite or mica is present, but there are a few small fragments of a 
dichroic mineral that may be schorl. 

No. 12 contains cavities with bubbles, but not movable ones. 

No. 14.—This rock so closely resembles the Kasauli sandstone that a separate 
description is unnecessary. Schorl, a small garnet, and a little felspar arc pre¬ 
sent in the slice. The quartz contains liquid cavities with movable bubbles 
and stone cavities with fixed bubbles and mineral deposits. Muscovite is sparce. 


Dagshdi sandstones. 

The specimens described below were taken from the side of the Simla cart 
road facing Dagshdi. 

Nos. 15,16, and 17.—These are seen under the microscope to be composed 
of fragments of quartz and of slaty rocks, some of which appear to be car¬ 
bonaceous. Fragments of well crystallised calcite and of schorl are also pre¬ 
sent. Each slice contains a few pieces of tiiclinic felspar, one of which includes 
microliths of muscovite. Leaves of muscovite and a yellowish-green mica are 
abundant. 

One of the grains of qdartz has crypto-crystallino mica attached to and 
penetrating it. It has all the appearance of being a fragment of the gneissoso 
granite. There are also separate fragments of the crypto-ciystalline mica. Some 
of the quartz grains are polysynthetic. 

A few small garnets are present, and liquid cavities with movable bubbles are 
abundant in the quartz. ^ • • 

€ 

Siwalih series (Nahan beds ?), Naini Tal road. 

Nos. 18,19, and 20.—These consist of angular pieces of quartz, bits of slate, 
and a little mud, the quartz predofuinating. Leaves of muscovite and a green¬ 
ish mica and fragments of schorl are present in the slice. Some of the quartz 
grains contain microliths of muscovite similar to those contained in the 
gneissose granite. Some of the quartz is milky and opaque, and none of it is 
particularly hyaJine.\ 

Liquid cavities ai4 numerbus in the quartz, but those with bubbles are com¬ 
paratively sparce. 

Nahan sandstone — Ncdagarh. 

No. 21.—This slice consists of angular and sub-angular grains of quartz, 
quartzite, slate, limestone, schistose rocks, and kaolinised felspar,' cemented 
together with mud. Some ofuthe slate appears to be carbonaceous. 

A good many of the grains of quartz are of polysynthetic structure similar 
to the fish-roe grains of the gneissose granite. The slice contains a fragment 
of triclinio ifelspar and a few of the foliated variety of microcline. Much of 
the quartz is milt^ aud opaque ; xduscovite is presmit and ala> a few fragments 
of achorl. 
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Liquid cavities witt movable bubbles are numerous in the quartz ; also 
air cavities. 

Nahan sandstone — Mailog. 

Nos. 22 and 23.—These specimens arc composed of angular grains of quartz 
imbedded in fine mud of greenish colour. The slices contain fragments of 
schorl and the quartz liquid cavities with movable bubbles. 

Siwalik (f) sandstone. J)hdr. 

The undoubtedly Siwalik sandstone of the outermost range is too friable to 
admit of slicing, but except in induration it seems lithologically identical with 
the Dhar rock. 

No. 24.—This slice very much resembles No. 21 in its general appearance under 
the microscope and in the nature of its contents. Both contain fragments of 
red quartzite, green schists containing magnetite that remind me much of 
hornblendio beds near Shiel, in the Jubal State, beyond Simla; and fragments 
of a rock that looks like a decomposed amygdaloid. No. 24 differs from No. 21 
in containing fragments of a pink garnet, flesh-coloured in transmitted light. 
Muscovite is present in large leaves in No. 21, but in No. 24 no mica is present, 
except in the form of microliths in the quartz. No. 24, moreover, does not con¬ 
tain any “ fish-roe” quartz. 

Both rocks under the microscope are generally so similar, t^t if they do not 
represent the same beds, at any rate, some of the rocks that were exposed and in 
process of erosion when the Nalagarh beds were laid down must have been in 
process of erosion when the Dhar beds were deposited. 

The slice under description (24) contains a doubly refracting mineral that 

appears to be schorl. • ‘ \ 

The garnets are full of air cavities; whilst^uid cavities with large movable 

bubbles are abimdant in the quartz. 

• 

Conclusion. 

A microscopic examination of the fine-grained earthy sandstone containing a 
a fossil leaf found by Mr. Medlicott in the Sirmur horizon on the Ravi, and of 
the beds trans-Ravi at Bhond, and of some of the bei^s uncjer Bakloh (in which 
fossil leaves have also been found); and a comparison of these rocks with a thin 
slice of a typical Kasauli bed leave no doubt in 'my min/ that the Kaaauli leaf 
beds continue into the Dalhousie area.‘ Their position, in the Dalhousie 
region, appears to be near, but not on, the northern boundary of the outcrop 

of the Sirmur series. , 

The Easauli leaf beds, in which name I include all those alluded to in the 
last paragraph, are composed of very fine-grained angular fragments of quartz, 
grains of caloite or granular Umestone, fragments of carbonaceous slaty rocks, 
Snd consoHdated mud. Leaves of muscovite and of a greenish mica—evidently 
original constituents of deposition—are squeezed between the grains of quartz j 

>1 have some very perfect foBrilleavM imbedded in an exactly similar rock found by Mr. 

C. J. Bodgers at DbarmsalB and given me by that gentleman. » 



190 


Bdeords of the Geological Survey of India, 


[voL. XVI. 


whilst either minntely triturated fragments of mica are mixed up with the mud, 
or a portion of the latter has been converted into that mineral. The former 
explanation seems the more probable one. 

Taking the specimens of the Sirmnr series described in the preceding pages 
as a whole, thej appear to have had their origin in the subaerial waste of the 
carbo-triassio limestones, infra-carboniferous slates, granitic rooks, and probably to 
a small extent of traps. The evidence afforded by the Sirmnr sandstones on 
the latter point, however, is feeble. 

A prominent feature in most of the slices is well crystallized or granular 
limestone, in fragments that have all the appearance of having been deposited 
with the other constituents of the rock. They are all isolated fragments ; there 
are no veins or connecting links between them, and nothing to support the sup¬ 
position that they have been formed by an epigenital process after the consolida¬ 
tion of the sandstone. I can only regard these as fragments of limestones, and I 
think the inference a natural one that the carbo-triassic series was exposed at the 
surface and was suffering denudation when these tertiary sandstones were 
formed. We know on other evidence that in the Simla area these limestones 
were deeply eroded by subaerial agencies ‘ in pre-tertiary times. 

The presence in these sandstones of fragfments of carbonaceous slaty rocks 
that would answer well for the infra-EIrol series also supports this view. 

But infra-Krol and Krol rocks were evidently not the only ones that were suffer¬ 
ing denudation in>the Himalayan area when the Sirmnr series, were laid down. 
The presence of schorl, of a type characteristic of granitic rocks; of fragments 
of garnet, a mineral very abundant in such rocks in the Horth-West Himalayas; 
of muscovite and a dark green mica; of triclinic felspar, and of the fibrous variety 
of microcline, taken in connection with the character of the quartz grains, 
indicates, I think, clearly enough, 1^ at‘granitic rocks were also exposed at the 
surface and were suffering denudSktion when the sandstones were formed. 

The schorl and muscovite I should say undoubtedly came from granitic 
rocks; the former is of the type (characteristic of such rooks, and does not 
resemble the tourmaline found in the Silurian sandstones of the Dalhousie area. 

Garnets might of course be derived from a variety of rocks, but at the same 
time it must not be forgotten that this mineral is abundantly present in the 
granites and gneissosei granites of the Himalayas. 

But the character \ of the quartz is the most important point in conneotion 
with the subject und^r consideration. Liquid caviries with movable bubbles 
are abundant in many grains; in quite as large a proportion of grains as one 
could reasonably expect on the supposition that they were derived from 
Himalayan granitic rocks. Then we have grains containing microliths with 
shrinkx^ cavities in them, Exactly similar to those found in our Himalayan 
granites; and in No. 10 we have a hornblende microlith contaming several 
enclosure with fixed bubbles ill them; whilst in No. 14 we find quartz grains 
oo Tit ftiwin g stone cavities with fixed bubUes, and mineral matter either deposited 
by the mineral material oi the “ stone enclosure ” cm cooling, or caught up by it 
in ihe act of consolidation. AU the above are eminently characteristic of granitic 

’ « , * Maoual, pp. 538, 569. 
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rooks and could be matcbed, over and over again, in tbe granites and gneissose 
granites of the Himalayas. 

Other points to be noted are that some of the quartz grains exhibit a poly, 
synthetic structure, and that both quartz and felspar contain microliths of 
muscovite; whilst Nos. ’15—17 contain fragments of orypto-ciystalline mica, and 
a quartz grain penetrated by orypto«orystaUine mica. The study of the granites 
and gneissose granites of Dalhousie and the Satlej valley, under the microscope, 
has shown that polysynthetic quartz, microliths of muscovite in quartz and 
felspar, and crypto-crystalline mica are very characteristic of these rocks. 

On the whole, then, I cannot doubt that much of the material of the Sirmur 
sandstones were dejived from the waste of granitic rocks. 

The comparative paucity of felspar may I think be explained by the fact 
that this mineral is not so hard as quartz, schorl, or garnet, and consequently 
must have suffered more than these minerals from trituration. It is moreover 
very liable to decomposition, and doubtless it was the felspar that suffered most 
in the passage of granitic detritus down the Himalayan streams and rivers, and 
supplied a considerable proportion of the constituents of the mud that forms the 
binding material of the sandstones. The felspar suffered more than the lime¬ 
stones, because, I presume, it had to travel further, and came from the axial ridges 
of the Himalayas, whilst the limestones were nearer home. 

Mica is soft, but is very indestructible; and its*very lightness and buoyancy in 
water doubtless preserved it from injury by the way. 

Another question remains, namely, were the granitic materials derived di¬ 
rectly from granitic rocks, or were they first deposited in ancient clastic rocks 
and supplied to the Sirmur sandstones on the breaking up of those rocks ? 

I do not think the latter supposition a.probable one. The schorl and garnets 
are very fresh, and had they lain for long geo^gical periods in ancient clastic rocks 
before they found a resting place in the Sirmur sandstones, I think they would 
have shown considerable signs of alteration or have been transmuted into other 
minerals that result from their degradation.* 

Assuming then that the granitic materials were directly derived from gpra- 
nitic rocks, the important question arises, were they derived from rocks now 
visible or from some others ? 

It does not seem probable that any granitic rooks'* can 'have been exposed in 
the Sirmur sandstone age other than those now visible.f It is conceivable that 
Bofi^e old intrusive sheets may have been removed by eromon, but they must have 
left their ropts behind in any case. 

That rooks of very similar appearance to the gneissose granites described in a 
previous paper, and which I regarded as of tertiary age, must have been exposed 
in silurioh times, is clear, for the upper-silurian conglomerate contains boulders 
of granitoid gneiss. Samples of these boulders have not as yet been subjected to 
a critical examination in the laboratory, and it would be premature to express any 
decided opinion r^arding the character of this granitoid rock; but whatever it 
may turn out to be, there seems to be no reason why we should suppose that gra¬ 
nitic intrusions into the Himalayan area took place during one period only, or 
that they were limited to the special Himalayan disturbances of post-eocene times, 

"c 
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If these eraptions began in pre-tertiai^ or early tertiary times, the fact that 
gneissose granite had come to the surface and uras sufEering erosion when the 
Sirmur series were deposited presents no difficulty. 

That the gneissose granite was already exposed when the Siwalik conglo¬ 
merates were laid down, does not admit of a reasonable doubt, for the conglo¬ 
merates are full of boulders of a rock undistingaishable from it j and the Siwalik 
conglomerates afford internal evidence of being derived from local sources. 

In my paper on the microscopic structure of the Dalhousie gneissose granite 
(sti^ra, p. 143) I spoke of this rock as of probably tertiary age and said that it 
was probably “ brought into its present position in the course of the throes that 
gave birth to the Himalayas.” Whilst I adhere to that statement, I desire to point 
out that it is not ntoessary for us to assign a late period in the tertiary age for 
the invasion of silurian beds by a hypogene rook of this character; or indeed to 
pin ourselves down to the tertiary period at all. The facts disclosed in this 
paper would harmonise better with the supposition that the eruption of the 
gneissose granite took place at a somewhat earlier date than that usually assigned 
to the beginning of the last series of special Himalayan disturbances. 

It has been shown in the Manual of the Geology of India (pp. 525, 569-570) 
that the disturbing action proceeded with great slowness; that the Himalayan 
river gorges in Siwalik times were the same as now; that the sea was probably 
excluded from the sub-Himalayan region from early tertiary times; that eleva¬ 
tion preceded compression; and “ before any special contorting action had set in, 
the general condition of sub-Himalayan deposition had been established by a 
general (continental) elevation of the Himalayan area.” 

The Krol (carbo-triassic) rocks in the Simla area were deeply denuded by 
fiubaerial agencies (Manual, pp. 633-6^9) before the eocene nnmmulitics were 
laid down, and the Sabathu beds yfre “very variable in thickness suggesting a 
liwiii. of deposition to the nor%-east.” In other words, tiiie Krol area in the Simla 
region was above water and formed dry land in pre-tertiary times; and if so, it 
seems only reasonable to suppose tfaaf the central axis of the Himalayas, if not 
throughout its whole length, had also, in part, at any rate, risen from the sea 
frtid formed more or less elevated land in pre-tertiary times, and so we find it stated 
in the Manuiil, page 571, that “a considerable Himalayan elevation occurred in 
pre-tertiary and early tertiary times.” ♦ 

The process of elevation doubtless was a slow and gradual one and extended 
over a lengthened periM; but the continental elevation ” of the Himalayan 
area during a pre-tertiary period is just as likely to have been accompanied with 
hypogenb granitic invasion of deep-seated rooks below the surface, as the snbse- 
quj^ period of special disturbances which took place daring the tertiary period. 

'V^hilst therefore 1 hold that the invasion of silurian rocks by gneissose gra- 
nito waa connected with the elevation atid formation of the Himalayas, and think 
it probable tha^ in the Dalheusie area, the eruption of the gneissose-granite took 
phice the close of the eiooeue, or earfy in the miocene period; at the mme 
1^0 not see that we need eeoeasarily associate the eruption of all the 
gneissose granite of tiie North-Wtist Himalayas, or indeed any of it, with 
the latest phase of the special disturbances which begim in post-eocene times. 
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Note on the Geology of Jauasar and the how&P Himalayas, dy R. D. Oldham, 
Geological Survey of India. (With a map.) 

1. The last season’s work in the Himalayas having shown that the series as 
adopted ever since the publication of Mr. Medlicott’s Memoir on the Lower 
Himalayas * requires some modification and extension to make it applicable tq 
portions of the Lower Himalayas lying outside of the Simla section, it has been 
thought advisable to publish a short note showing the results of the resumed 
Buirvey as far as it has gone; but while confining myself as far as possible to what 
may be said to be definitely proved, it will be impossible to steer clear of other 
points still doubtful, and these, which I shall distinguish to the best of my 
ability, must be taken with every necessary reservation. 

2. One of the chief difficulties when starting work in Jaunsar, a district chosen 
chiefly on account of the fact that large scale maps were obtainable, lay in the 
fact that, with the exception of a great limestone series reasonably identified with 
the Krol, no representative of any of the sub-divisions established on the Simla 
section was to be recognised. 

3. The oldest formation here, which I shall provisionally call the Ohakrata senes, 
consists of gfrey slates and quartzites, underlaid by a band of limestone general¬ 
ly some 300 or 400 feet thick, which is again i^nderlaid by a great seii^ of 
slates and quartzites marked by the prevalence of fed and nmttled beds. The 
principal exposures of the limestone lie in a zone running about east and west, 
and passing immediately to the south of the station of Chakrata; to the north 
of this zone the hills are formed of the underlying red Chakrata slates and 
quartzites, while to the south the upper grey slates are exposed, notwithstanding 
the prevailing northerly dip of the beds. \hi3 is but part of the great Hima¬ 
layan puzzle, that newer beds almost always seefh ^ dip under older, that faults 
are generally reversed, and that the dip of the beds in their neighbourhood is 
precisely the reverse of what would be exjlc^ted on d priori grounds. The total 
thickness of these beds is indeterminable, partly on account of their intense dis¬ 
turbance, and partly from the fact that neither their base nor summit has been 
seen, but it must amount to many thousands of feet. 

4. In northern Jaunsar there is another exposure qf the^same beds intersected 
by a great fault which, first appearing from underneath the^Peoban limestone near 
the*village of Konain, runs north-westwards to Mudhaul, on the west of the Tons, 
and which I, shall refer to as the Konain-Mudhaul fault. 

5. To the east of this fault there is exposed a great thickness of grey slates and 
quartzites, over which comes a hand of blue limestone .300 to 400 feet thick, 
and over' this white and colour^ quartzites with interbedded red and grey, 
slates; and near Kanda, what appear to be contemporaneous, but may be intrusive, 
beds of trap, overlaid by greenish slates, which last are covered unoonformably by 
the Deobon limestone. Among the quartzites there is, near Kanda, a Imnd of 
coarse quartzite conglomerate about 8 feet in thickness, which has been marked 


> M«m. a. S. I.. Yol. Ill, pt. 2. 
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on the map illustrating Colonel McMahon’s paper * as Blaini; but the asso¬ 
ciated beds and the absence of the characteristic limestone seem to render this 
impossible. 

6. To the west of the fault the section as seen on the ascent from Ann® to Sana 
is first white quartzites with interbedded green and grey slates, overlaid by green 
and grey slates without quartzites and these again are capped at Chajar (Chilar) by 
a small patch of blue limestone, which can hardly be anything but the same that is 
exposed near Kanda, and which I correlate with the Ghakrata bed. The only other 
thing it could well be is the Deoban, but though on the upthrow side of the 
Sjonain-Mudhaul fault so far as it affects the Deoban limestone, it is at a lower 
elevation than the base of the latter as exposed above Banu on the eastern or 
downthrow side. 

7. Here, whether the limestone Iwmd be identified with the Chakmta bed or no, 
there seems to be an inversion on one side or other of the fault, probably to the east, 
and it m evident that the fault must have a throw sufficient to bring the same bed 
on either'side of the fold to about the same levelit is at present impossible to say 
for certain which is the up and which is the down throw side, nor to determine, 
even approximately, the throw of the fault, but it must certainly be measured by 
thousands of feet. 

8. In several parts of Jaunsar volcanic beds are exposed in the Ghakrata series; 
to the east of Ghakrata, in the valleys of the Kntnu and Mord gadhs (stream), there 
are several beds f»f volcanic breccia and ash lying both above and below a thick 
band of blue limestone identifiable with great probability as the Ghakrata band; 
near Lauri the same limestone again crops out and is once more associated with 
the volcanic beds, which are also seen in the valley of the Gamgadh. 

9. In the Tons below Anu there^re exposures of a brown ferruginous and 
dolomitic limestone, passing into ci;;^talline ankerite in places, which I have con. 
jectnrally correlated, notwiths^nmng its lithological difference, with the Ghakrata 
limestone. The volcanic beds associated with it are here far more extensively 
developed than I have seen elsewhereiin Jaunsar and I consider that the peculiar 
nature of the rook is due to a contemporaneous admixture of volcanic detritus, 
a supposition which is supported by the facts that the southernmost of the exposures 
as it is traced eastwards becomes less and less ferruginous, till near its disappear¬ 
ance it is in parts a blue limestone little if at all more impure than the normal 
Ghakrata limestone, add that op the western side of the Tons valley above Anu 
there is an exposure of presumably the same band which, while being in pai^ a 
bluish-grey limestone, is also in parts extremely ferruginous. The facts just men¬ 
tioned seem to point to a centre of volcanic energy shortly to the west or south¬ 
west of the confluence of the Binalgadh with the Tons, while the volcanic beds 
of eastern Jaunsar were very possibly derived from a vent in what is how Tiri- 
Gh^waL . 

* Bsc., Q. S., YoL X., 204. £!%!• outcrop was mapped by me, not by Cdonel McMahon; I 
opiij eroBKd the ground cmo^ when marching with' Dr. Oldhaoi from Mmwooreo to Simla in 
1B60,—H.B.M.] . • 

*^Muprhited Dnu in the map. 
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10. This zone of volcanic beds promises to be a horizon of great value in tracing 
out the geology of the Lower Himj^yas, and it may not be out of place to indicate 
*the probability of their being contemporaneous with the Silurian volcanic rocks 
of KashTTiir and the North-West Himalayas. At the same time I must point out 
that it is not absolutely ogrtain that they are of the same age as the Chakrata 
limestone; for although the limestone with which they are associated occurs in 
a similar position to, and is most probably the same as, the Chakrata bed, yet it 
must not be forgotten that in the typical area no associated volcanic, beds were 
seen. 

11. Overlying the Chakrata series comes a great thickness of limestones and 
dolomites so similar to the Krol series as to be almost certainly contemporaneous 
with it, but which, as its relation to the underlying beds is very difEerent to 
what has been described on the Simla section, I shall provisionally call the 
Deoban limestone. Lithologically it consists of a great thickness of bluish-grey 
bedded limestones, some of the beds, as on the ascent to Deoban from Chakrata, 
containing many nodules of chert; others which are generally mephitic have a 
peculiar pisolitio structure, being composed of small round black nodules cemented 
by a white calcareous matrix: a peculiar structure seen’ in some of the beds 
makes them resemble an accumulation of some closely-chambered shells imbedded 
in a matrix of calcareous mud, and so organic looking that it is difficult to 
believe that they are not obscured foBsUs. A very considerable proportion of the 
beds is in some of the sections dolomitic, varying from a Slightly magnesian 
limestone to a pure pale-grey ciystalline dolomite. Interstratified with these 
calcareous beds is a vaiying proportion of slaty beds, occasionally coloured, but as 


a rule grey. 

12. This series is quite unconformablq to the underlying Chakrata beds, as m 
proved by its unconformably overlapping or overstepping their eroded^ edges. This 
is very well seen near Honain, where the Deoban^^ies on the Chakrata limestone 
while as the boundary is traced to the west it is seen to rest successively on a 
(locally) descending series of slates; the imconformity is further indicated by the 
way in which the limestone rests, above Kanda, on the eroded edges of the presum¬ 
ably inverted Chakratas, and by the fact that the Konain-Mudhaul fault which, 
as above explained, has a throw of some thousands of feet in the older rocks, has, 
where it cuts the Deoban limestone, a throw of a Sew hundreds at most, this 
being due to a later movement along the original fracture ; it would serve no 
usdful purpose to describe every junction of the two series, as the same facts are 


everywhere.to be seen. 

13. It is evident that this is very different to what has been described on the 
Simla section,* and there are but three possible explanations—Isi, that the Deoban 
and Krol limratones are not contemporaneous; 2n^ that the junction on the Simla 
section is only apparently and locally conformable; 3rd, that the Chakrata senes 
is older than the Simla slates and underlies them unconformably. The first 
supposition may, I think, be dismissed *, the second I regard as very probable, the 
very sudden variationa in the thickness of the Krol quartzite pointing to a 


^ H. B. Medlicott: Mem, Q. S. X„ Y<d. IIL, and Manual, pp. C94*609. 
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possible anooafomii 7 between it and tbe Krol limestone; tbe third is also pos¬ 
sible ; but if Mie volcanic beds of Jannsar are really of upper-silnrian age, there is 
hardly room for the whole of the seqneiuje between these npper-silnrians and ihe* 
(at latest) triassio Krol limestone. At present sufficient facts are not at my 
disposal to enable me to say which of the latter two hypotheses may prove correct, 
but the question depends very much on the nature and amount of the disturb¬ 
ance of the Chakratas anterior to the deposition of the Deoban limestone. The 
inversion at Kanda may have been a purely local feature, the Chakratas having 
been elsewhere comparatively undisturbed at the time of deposition of the 
Deobaas"—in that case the second suppositiou may be correct, and the Ohakrata 
beds either representatives of, or forming part of a conformable sequence in, the 
rocks bdow the BjoI ; but if it should ultimately prove to be merely part of a 
widespread disturbance, the' third hypothesis alone remains possible; 

14. Above the Deoban limestone comes a series of beds mostly conglomeratic, 
Hrst identified by me in the neighbourhood of the Mandhali forest bungalow, 
after which I propose to call them, at any rate provisionally. They consist of 
conglomerates mostly with a slaty matrix through which pebbles of quartzite 
slate or limestone are scattered, though some and in southern Jaunsar the 
majority of the beds are not conglomeratic at all, others are coloured slates not 
unlike indurated Sirmuie, and others again are calcareous; of the latter, some are 
fine-grained limestones, others,^though this I have only seen near to Mandhali, are 
limestone conglomerates cemented by a limestone matrix. The presence of these 
pebbles derived from the underlying Deoban limestone is sufficient to stamp the 
beds containing them as unconformable to it. In southern Jauixsar, in addition 
to the limestone conglomerate with slaty matrix, which is not found in every 
exposure, the characteristic rock is a quartz grit containing fragments of indur¬ 
ated red slate derived from the bwe;1[!!/&akrat& beds. 

15. The facies of the Mand^lis is essentially littoral, or shallow water, as is 
testified to by their coarseness of grain, while the conglomerates with a slaty 
matrix, so aimilftr to those of Blaini agg,tiould not have been formed except through 
the agency of floating ice; but it is not a little remarkable that, notwithstanding 
their evidently shallow water origin, there is hardly an exposure which does not . 
exhibit one or more beds of pure limestone: this association of littoral beds with 
limestone is well seemon thp cart road to the north of Kalsi; where a thick band 
of limestone is bounded on both sides by coarse-grained quartz grits. 

16. Outside of Jannsar I have detected these same beds, to the east in great force 
near Naini Tal and Bhim Tal, and to tbe west, in the Giri valley, I saw in'1881 
some conglomerates, which at the time puazled me not a little, but whiph I cannot 
now hasitate to refer to Mandhali age. ^ 

17. As re^ds the homotaxy of the Mandhalis, they are latertban the Deoban, 
ai\d are evidently earlier date than the main disturbance of the Himalayan 
rocks; so much w that in limestono area of imrthem Jaxinsar, the small 
pashes that have been left owe their presei^tion entirely to having been oaught 
u|^ in the f<dds any! faulthogs of ^e Hmestona, and in this way preserved ^m 
denudation. They consequently occupy a position analogous to that of the 
Bilcxmirs to the northwest, Sad at first one woold be-inclined to correlate them 
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with the last-nam^ rocks and assign to them an eaxly tertiary age. However, 
the fact that nttmmtiiitioB of normal type are to be fonnd near Bikhi Khes in G-arh- 
Val ^ taken in conjunction with the extent of the MandhaUs, is against this sup¬ 
position, which, too, it is impossible to reconcile with the finding of characteristio 
Mandhalis in the CKri valley, -within a few miles of the boundary of the Sirmnrs, 


age. However, 
li Khes in Garh- 


in which no similar rock is to be seen. They must therefore be of pre-ter- 
tiary age, for there is no room in the sequence for them to come after the 
Sirmnrs. 


18. Above the Mandhalis are two series of rocks, of which, as they occupy 
totally distinct areas, it is impossible to say which is the older. Of these one is the 
Nahan; but as it occupies a very small area in the extreme south of Jaunsar, 
and as it presents no peculiarities, it may be dismissed without farther notice. 

19. The other series merits attention, as it presents an unsolved and apparently 
unsolveable problem. In north-eastern Jaunsar, occupying a considerable tract 
of country is a series of fine-grained glassy quartzites with interbedded schists, 
some of the beds containing granules of blue quartz, which in the Tons descend 
to the level of the river, but southwards merely cap the ridges; they lie almost 
undisturbed and nearly horizontal on the eroded edges of the intensely disturbed 
older rocks, and are evidently far newer than any of the other formations in 
Northern Jaunsar, or Bawar as it is locally called; yet, though so much newer and 
BO much less disturbed, the rocks are far more metamorphosed than those of the 
older series, the siliceous beds being everywhere converted into glassy quartzites, 
and the argillaceous bands being, in Bawar, uniformly schistose, while across the 
Tons, in Gai'hwal, they occasionally become almost gneissose. 1 propose to call 
this the Bawar series. 

20. As the Bawars are evidently of much later date tban the main disturbance 
of the rocks, which in the Simla section haTtjeen shown to be of post-eocene date, 
they would seem to be referable to a middle or il^{)pr tertiary age; but it is diffi¬ 
cult to suppose that rooks so metamorphosed can be contemporaneous with the 
soft sandstones of the lower or the loose shingbs of the upper SiwaUks, and besides 
there are very strong reasons for believing that even in Nahan times the Hima¬ 
layas existed as an elevated tract subject to denudation; nor is there any simi¬ 
larity between the Bawar and Nahan rocks even where the latter have been 
metamorphosed by igneous intrusions. It is however.possiWe that these Bawars 
may be of lacustrine origin and contemporaneous -^-ith the Nahans,—a supposition 
sujJ^orted to some extent by the extremely small development of the Nahans at 
the debouchure of the Tons and Jamna rivers, and by the fact that the Bawars so 
fine grainedt to the south of the Tons become near their summit, in Garhwa!, 
coarsely cpjglolneratio. When moreinformation has been collected, these difficul¬ 
ties may'SfoiJbtless be cleared up, but the improbability of ever finding any fossils 
in these rocks is a serious hindrance. ^ , 

21. The glScial epoch has left its traces in Jaunsar, though I know of no traces 
of Actual glaciers to the east of the Tons. Above Kistur there are what might at 
first sight be taken for terminal moraines, but a more detailed ezomination 


> Mm. 6. S. 1., pt 2. p. 90; and Manual, p. 5815. 
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banishes the idei^: the onlj deposits that can be referred to this epoch are the 
high-level gravels t^ be seen in most of the valleys but most distinctly in that 
of the Seligadh where, as can be seen from the Chakiata and Mussoorie road,* 
they form broad gently-sloping terraces on the valley sides; the slope of the 
snr&ce is more rapid than that of the present bed of the stream, l^ing over 
800 feet above the latter at Makhata while near the junction with the Jumna 
the difference in level does not exceed 100 feet; in the small lateral valleys 
the slope rapidly increases, so that sometimes the gravel deposits run almost up to 
the crest of the water-shed. These gravels have been formed since the Seli valley 
was out dowh to its present depth, as is shown by their extending in places right 
down to the present level of the stream; they could not have been formed under 
existing circumstances, for apart from the angularity of the fragments of which 
they are composed and the slope of their surface the peculiar parabaloidal curve 
of the surface up the lateral valleys is totally different to what is now being 
formed anywhere in the lower-HimaJayas, but could only have originated when 
the balance of disintegration and precipitation was very different to what is now 
the case; disintegration most then have been so rapid that the streams could not 
dispose of the debris which was shed from the hill slopes, the valley was conse¬ 
quently filled by a deposit whose surface had a comparatively gentle slope in the 
TnMn valley where the volume of the stream was greater, while in the lateral 
valleys, where the amount of debris was comparatively greater, the slope in¬ 
creased till it reached the angle of repose. It is needless to expatiate on the 
fact that .this increased disintegration can under the circumstances only be 
attributed to a more rigorous climate, frost being the great disintegrator in these 
latitudes^ 


Notes on a Traverse through tliedSastem Khasia, Jaintia, and North Cachar Hills 
hy Tom. D. LaTouche, b.A., Geological Survey of India. 

The object of my season’s worjf^as to search for coal and iron within reach 
of the proposed line of railway from Silchar to the Brahmaputra valley through 
the Nortih Cachar hills. From what was already known of th^ ground (Mem. 


G. S„ Vol. IV,, pti 3, 1866) there seemed to be little or no prospect of success, 
and SQ it has turned out. * 

Arriving at tlherra Poonjee hbout the middle of December, I spent a few days 
in examining the area mapp^ by Mr. Medlieott in 1871 (Mem. G. S., Vol. Vll., 
p. 161) so as to familiarise myself with the rocks in it. I then marohed across 
the Jaintia hiUs to the North Cachar hills, visiting the coal-field of Lakadong 
on the way. * 

1. haUa/ngTeoi to J<mai .—Leaving the village of Lailangkot, whichf is situated 
on^lhe boundary of the Shilloup; series and the granite area of Molim, by the old 
roSd to Jaim, Shillong quartmtes and granite are passed over alternately for the 
6^ 6 miles/ there being three exposures of granite extending across the road 
to tiie south-west, and probably cpnnected with tho main area to the north. The 
quovtisites are VOTtical, or dip at very high angles with a general strike from 
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iiorth<eMt to BOiiiih>'ire8t. The last exposure of granite u(,dSout 1 mile to the 
south-west of Bableng hUl. This hill consists of Shillong rooks, which extend 
’without a break to the Mantedu at Jawai, the strike being generallj between 
north and northeast but bending round to east-north-east between the Mangat 
(the boundarj of the Jaintia hills) and the Mantedu. In this direction also the 
rocks become more sohistoser several beds of fine-grained hornblende schist occur, 
ring in the valley of the Umthungpha, about 1 mile above its junction with the 
Mantedu. At the top of the hill to the east of the Mangat, near the village of 
Simunting, ia a small outlier of cretaceous rocks. 

Beneath the village of Jawai the schists and quartzites are capped by patches 
of cretaceous conglomerates, forming low hills in and about the villages; the 
bedding in these is horizontal. 

2. Jawai to Lcikadong.—-Turning south from Jawai along the Jaintiapur road, 
Shillong rooks extend to the summit of the hill south of the Mantedu, where they 
are capped by fine cretaceous sandstones forming low scarped hills on either side 
of the road. Near the 5th milestone from Jawai the border of a small area of 
granite is passed on the right-hand side of the road, extending to the south-west. 
The road then runs round the south fiank of a hill of cretaceous sandstones to 
the Mankajai, in the valley of which a broad dyke of trap occurs. This ia a 
coarsely crystalline, dark-coloured rock with a rather metallic lustre and weather¬ 
ing red, and is entirely composed of augite and iitaniferous iron. Cretaceous 
sandstone again appears in the scarp to the south of this 'valley, coarse at 
the base and becoming finer towards the top. These rocks continue to and 
beyond Jaraiu, forming an undulating plateau with slight inclination to the 


south. 


At Jarain coal occurs in these rocks, an^has been worked to a small extent 

Coal St Jarain ^ Biipply the dak bungalows here and at Jswai. A seam 
crops out on both sides olSa gully close to a small bridge 
on the road to the south-east of the village, and is about 3 feet thick, overlaid by 
about 12 feet of hard, fine-grained sandst^e. It has the usual characteristics 
of the cretaceous coal of these hills. Ancjther outcrop occurs at about 
miles to the north-east of the village and 1 mile from the road, in a small 
stream running into the Um Pliang, a tributary of the Mantedu. The seam 
is well exposed, the stream flowing over it in a Iof fall.* It is 3 feet 6 inches 
thick, with fine-grained sandstone above and,, below. This • coal containB 
a good deal of pyrites in small nests, and at the base oi the seam the rock is 
covered with a net-work of this mineral, so that the coal would be of very little 


value. ! 

Turnin^lofi to the south-east fsom the Jaintiapur road in the direction of 
Lakadon^fi tpe path passes by Amlittshor village over the plateau of cretaceous 
rocks deeply’ indented on either side by tributaries* of the Mantedu until 
gorge of river is reached. This gorge is here about 1,000 feet deep.^ The 
cretBQBOus rocks extend on both sides of the gorge to about 300 feet from the top 


1 tTafortunately my aneroid Wu out of order, to that T waa anable to meMora exactly the 
depth of the gorges crossed in this part of the hills. * 
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and rest directt^Sijion iiaBtikmoi^liie rooira, wHoli esie&d on both sidea to the 
bottom. Theae rooks are eimilar to the metamorphioa fotmd mi the north elope 
of the hills. 

From the top on the opposite side an nndnle^ing plateau of cretnoeous rooks 
extends for about 4f miles to the village of Shushes, which is situated Cfo. the 
edge of the gorge of the Lauriang, about 3 miles above its junoticm with the 
Mantedu. Cretaceous rocks eztmid to a few hundred feet from tihe top on 
this gorge a3so» resting on metamorphios, and appear at the same level on the 
opposite side beneath the village of Batao. These roohs extend to the hill on 
which Lakadong stands, about half way up which nummulitio limestone occurs, 
overlaid by sandstone with ooaL 

The co{d workings here appear to be in much the same state now as at the 
time of Dr. Oldham’s visit in 1853 (Sel. Bee. Ben. Govt., 
ong ooa. XIII., p. 46), as since then very little coal has been 

extracted. The different holes have been driven into the coal as far as is possible 
without having to support the roiff with timber, and the expense of this, together 
with the increased cost of labour and of carriage to the plains, in 30 years, would 
probably prevent the coal being worked with profit at the present time. The 
V^ f > l^^Tn^kn of the village told me that 500 mannds had been extracted last year, 
and sent down to the plains, but he could not teU me what the cost of extraction 


and carriage was. * 

3. Ledeadong io Nchhara ,—To the north of Lakadong on the path to tJmrasiang 

cretaceous rooks forining low scarped hills extend to the gcage of the Sadohampa, 
about half way down which metamorphic rocks appear and a similar section is 
i»en on the opposite bank. The lowest cretaceous beds here are ferruginous sandy 
clays. Close to TTmrasiang village } 4 }bserv^ a circular pit, with perpendicular 
sides in the sandstones, 50 or 60 feet deep, and as many in diameter, probably due 
to the washing away of the cli^s beneath through a fissure and the consequent 
fq.1lfng in of the sandstones above. The cretaceous rooks continue to a hill 
about 2 milM east of IJmrasismsy^ear the top of which nummulitic lime¬ 
stone forms a steep scarp to the ^rih. This hill is flat-topped, consisting of 
sandstones ftimilar to those at Lakadong, but without any traces of coal 
till new the village of Xokhara, where there is a seam 1 foot thick resting 
on cas^naceotts idhle, but of no great extent. To the south the ground 
falls gradually to the edge of the straams running into the Lubah, where lime¬ 
stone again appews. •In many {daces near Nokhara I noticed large futmel- 
dhaped hallows, 80 or ^ feet deep, caused underground denudation of the 
lixuestone. > 

4. Nokkara io Ktmped ,—Proceeding 4o the nortii from Novara on the 
path to Satunga after, descending the limestone scarps to the nbr^ a small 
’0ntisBt» of ^ timestone is passi^ near the village of Umluper. To the nortii of tins 
. the plateau k tnneh zhore broken thuu to tiie west as flsv as the Laterkap river, 

ISl . Jbie g(S!ge whidh raetamorpbio rocks occur again. Kear the village of 
ISfongtoma (nc^.vWiaiked on the map, but about 2 miles to the south of the 
liiterkap) t pfSiuKd a funnel-siiaped hollow similar to those at Xekhara, but 
ctMd .iu^ And any limeetoose bdbw jh* the north of tiw Laterkap oretaeeous 
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Tockg extend nvithoat a lireak to Satunga, wliere they oontain a seam of ooal. 

Its oatoirtq> is seen at the head of a small ravine to the 
» nnga. of the village. A vottioal section, in descending 

order, is as foUows:— 

Ft. In. 


Sandatoue Mid d|ial 9 ^ about ..... 

Coal ........ 

Shale, cai^otiarapua at tojv bo towards the bottom 


20 
1 9 
6 

26 9 


The hill side slopes rapidly upwards from the top of the section. 

Two ontlieiB of nnnunnlitio limestone occur a short distance to the west of 
Satnnga. To the oust the ground slopes downumirds for about 4 miles to the 
village of Kampat, which lies at the foot of a well-defined ridge running north 
and south. The lower 300 feet of this are nummulitio limestone, with a slight dip 
to the eas^ resting on a wavy surface of cretaceous rooks, and extending to laorth 
and south as far as one can see. 

This is capped Igr upper tertiary sandstones resting on the limestones, and 
ft-r f ftTidiTig to the top of the ridge 500 feet above Kampat. These rocks, though 
they occupy the same positioU' with regard to the hmestone as the ooal'heanug 
rocks of Lakadong aud Nokhara, do not contain any traces of that mineral, nor is it 
found furthOT to the east. They are fine-grained, highly ferruginous sandstones, 
the lower beds containing numerous grams (rf pisolitio iron ore. The sandstones 
rest conformably on the limestone, though in places there are local unoonformitiM, 
due to underground denudation of the limestone. According to Colonel Godwin- 
Austen these rocks contain numerous minute fossils. From the top the ridge 
is seen to bend round to the north-east. Striking for the Kopili. A vertical 
section of the ridge is as follows, in descending order 

Ft. 

I Fine-grained ferroginooB undatones, with a little pisolite iron 
ore near the Iwaa, about • • • • • 

'Hassive limestone, becoming sbaly and earthy towards Ft. 

the top, about • , 70 

i Massive limestona sbaly and earthy at top . . 190 

'Thin bedded earthy limestone . . • , * 


600 

» 

On the etstem side of the ridge limestone is met with again at about 230 feet 
from the base, and continues to the Im^l of the valley in which Nonklir stands. 
This is alluvial plain about 2 miles broad at this part. Fromthetopof 

the ridge the limestone is seen to form a fringe at the base of the hills .suiroundr 

ing the valley, extending to the south as far as the base of Jakorsing hill, the 
boundary between the Umestqne and upper tertiaries being easily traced, as the 
former is covered with tok tree jungle white the sandstones above are nearly 
bare of trees and covered with grass. 
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The limestone <dBihle &t the base of the ridge to the east of Ncmgldi is 
reduced to 180 feet in thiokness, and is snooeeded 1^ upper tertiary sandstones and 
shales ridng to £50 feet above the valley. In the next valley to the east limestone* 
does not appear, nor is it again found anywhere to the east. 

5. Kampat to the Hot Springs on the Kopili .—^Following the limestone to the 
north, from Eampat, it is found to occupy nearly the whole of the space between 
the Sharkor and Kopili rivers, cretaceous rocks forming a fringe at the base of 
the limestone scarp. It is capped by upper tertiaTy sandstones beneath the 
village of Pala, which is situated on a spur of Pomlana 3,754 feet above sea level. 
To the west of the Kharkov are numerous scarped outliers of limestone, the 
largest overlooking a level plain of cretaceous rocks to the north of Mnncha river. 
This plain extends to the foot of a lofty ridge of metamorphic rooks (on which the 
village of Khaushinong stands) running north-east to the Kopili The meta- 
morphics cross the Kopili about 1 mile north of the hot springs and form the 
ridge running east and west, Called Khandong hill. The Kopili forms a succession 
of very fine ftdls and rapids over these rocks. 

The nummulitic limestone crosses the Kopili to the north of Umkerpong, and 
bends round to the east parallel with the metamorphios of Khandoig hill. It 
extends to the east as far as the flanks of Phulong hill, but it does not appear 
in the valley of the Diyong still further to the east. 

The valley between it and the metamorphios is occupied by cretaceous rocks, 
except at the hot'springs, where a^ small area of limestones has been let down by 
jhiulte among the ore^Mseons beds. 

6. The hot springB,-^The following notice of the hot springs is given in Dr. 

Oldham’s catalogue of the thermal-springs of India (M. G. S., Yol. XIX, pt. 2, 
p. 54): ^ 

“ Kopili. —Latitude 25® 31'; Longitude 92® 40'; Temperature 122®. 

“ On the right bank of the Sbpili, three days’ journey from Silchar, one and 
a half day’s journey from Jawai. The water is not saline but only hot. Official 
Betums.—Captain (now Ideutenant^^lonel) Godwin-Austen, however, speaking 
of the spring in a private letter, Ba;^8 it is strongly saline.” 

The distances given above are not quite accurate as the spring is at least 
seven days’ journey frmn Silchar and two firom Jawai. There are three springs lying 
in transverse gullies hn either side of a stream running west into the Kopili, and 
about 100 yar^ from the latter. Of these the one to the south is considerably 
larger than the other two. Its temperature I found to be 128®. The water had 
not the slightest saline taste, or indeed ^ taste of any kind, rather resembling 
distilled water. The temperature of the two small springs to the north was 130°, 
and this water also was perfectly tastelessr All these springs lie on the faulted 
boundary between the cretaceous and nummuliiao rooks. The stones* over which 
tl^ water imns are covered with a v&cy thin white deposit, probably calcareous. 
Thaifthis ^^epositis not is probably due to the fact that the Kopili during 

ridns risns serinel feet above the level the springs, and so washes it away. 

' T. Fppier of the North Oaohar Beytmd the limestone ridge 

to the south-east of the hot spring upper tertiary Toeim extend in an unbroken 
theBara^ triage above Asalu, As far as the poHoe outpost of Gunjong 
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these rooks are honzontal, or nearly so, consisting of fine.grained sandstones and 
shales. It is in the Talley of the Mahnr, to the east of Ghmjong, that the change 
* from the generally undisturbed condition of the newer rocks on the Shillong 
plateau takes place, the upper tertiary rooks to the east being everywhere greatly 
disturbed. The transition does not take place so abruptly as on the southern 
edge of the plateau, where the newer rocks are bent down suddenly in a nTiinlwial 
curve into the area of disturbance; but it is well marked, the rocks at Qunjong 
having a slight inclination to the east, while in the Mahur valley they are sharps 
ly contorted and at Quilong on the opposite side are nearly vertical. The bound..- 
ary between the disturbed and undisturbed sweeps round to the west, along the 
Jatinga and Lubah valleys, until it coincides with the east and west strike of the 
edge of the Shillong plateau. 

In these beds, in the Mahur valley, I found a few insignificant strings of 
coal, but no where did I come across any workable quantity. 

Before leaving Calcutta in November I had heard that there were consider. 

able deposits of limestone near the outpost of Quilong, and 

Quilong limestone. .(fn-Juie there I went in search of them- They are situated 
on a small stream running into the Langting, to the north-easi of Quilong, and 
about 1,500 feet below it. The rocks here are shales dipping at 20° to north- 
north-west, and the stream has deposited a bed of calcareous tufa on the upturned 
edges of the shales. This limestone is from 1 to 2 feet thick where thickest, 
and is of small extent. A small quantity was burnt on the spot*B6veral years ago 
when the outpost at Asalu was being built, and the remains of it, which are 
still used to supply Quilong and Cunjong with whitewash, are to be seen in the 
jungle close by. Similar deposits also occur in the valleys near Cunjong, but 
none has been burnt there. 

The natives on the northern border of tliese hills informed me that in former 
times they used to extrdat iron from a highly ferruginous 
drift which is found in most of the hill streams. But 
the manufacture of it has entirely died out);) and at Walsalai a large KuM village 
to the east of the Dirjung, 1 found them making implements with iron brought 
from Calcutta. 

The iron ore deposits are very scattered, and would probably not repay 
systematic working. , • 


Qn> Native Lead from Maulmain, and Chromite from the Andaman Islands; by 
F. B. Mallet, Beauty Superintendent, Oeologiail 8u,rvey of India, 

Native lead. —Amongst a number of ores from the neighbourhood of Maul¬ 
main, in Burma, lately sent to the Geological Survey Office by Mr. G. H. Law, 
is one of a bomewhat unusual character. It is a carbonate of lead, breaking 
with a rather largely facetted crystalline fracture, and having a bright red ool6ur 
due, apparently, to an intimate admixture of minium. The mineral contaips small 
cavities lined by minute white crystals of ordinary cerussite, and some of tibe 
cavities,are partly filled with metallic lead. * The above-mentioned substance has 
the appearance of a natural product, but the precaution was taken of writing 
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to Mr. hawtm this point, said in reply the states iiiat it is natnral and not 
artifidal.*' Aanatiyelead in a miiMral. of rare cwonirenoe, its disqovexyin a 
new loOalify is WOTth patting on record. 

Bed carbonate of lead similar to tbe aboim^ except that ilic nati'ro metal has 
not bem obemwed in assoou^ion with it, has been found also in the Basixibigh 
diatiriotof Ghntia Nigpnr.^ 

OhronmUe. —Dating the present month a block of ore was to be sent to the 0eot> 
logical Bnrrey Office, fw examination, from the Officiating Chief Oommissionmr of 
the Andaman and Nicobar Islands. Mr. M. T. Portmmi, Bxtra Assistant Snper- 
intendmt, who visiied the ^plaee where it was found, writes: About 100 yards 
south of the village of Ohnckergaon, on tbe bank of a small stream, was a mass 
of ore about 9 inches thick and 4 feet long. It was lying on the snr&oe of the 
ground. On removing it^ and digging round and nndemeath it, the rook appeared 
to be a coarse sandstone strongly impregnated with iron. No more ore was found 
on this spot, thon^ it again appears in two places farther down the valley in 
some oonsiderakle quantity, sevo^ hundredweight havii^ been brought in. On 
examinatiou of the rooks within a radios of 300 yards, 1 found granular and 
highly exystalline limestone, intersected by views of oalcspor in some instances 
4 in^es thick, diorite, porphyritic trap, and coarse fermginons sandstone.” 
Chnckergaon, the village mentioned, appears to be dose to Port Blair. 

The ore proved on examinsiiion to be chromite. As this mineral is usually 
found in serpentine, and s^pentine is known to occur in the neighbourhood of 
Port Blair, there is a strong probability that the Andamanese chromite is no 
exception to the general rale. “ Serpentine and gabbro are found largely deve> 
loped south of Port Blair and on Bntland Island, and are doubtless intrusive. 
A “ micro-crystalline syenite ” was noticed in one locality by Mr. Ears; it is 
doubtless a hum of the dioritio rock nund locally associate with the serpentine 
in P^u.‘ ” It will have been realarked that Mr. Portman observed diorite, Ac., 
dose to the place where the ohrondte was found. 

As dirome iron ore (chromite), ol'average qnaliiy, is worth about £10 a ion 
in England, the Port, Bhtir mineral,* if drainable in oonsiderable quantities, is 
well worth attentiott. __ 

Jitoiiee of a lieiy Eruption ^rom cme of the Mud Volcanoes of Chednba Island, 
« Arakin. 

The following oorreapondenoe respecting an eruption from one of the Chednba 
mud volcanoes is published in contiauation of similar records ’:— 

F. B. MaiiLBI!. 

From Captain F. D. Bincas,' CkmmUmnert Sfoule Fhpoo, to the Oemmieeiottcr 

. ^ of Arakdmt Ahyt^ dated Fyouh Phpoo, find Mag * 

t liai^ :d^;hoiimir to lorirud aitm braiwliM^ oi a letter reoetred bum the Myooke of 
!tepocti tbatthe vdoenolu the Itinhjm C&ded hie Tovmlup gave 

1 Beedtds, S. S. 1.; Yd. VIL !>. S5. 

* W. itmud Of WOed^ of Indie, 2, P. 78A 
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oat flames oa the flSed fawt. Ifyoolm’s report is dated 28rd April, md wsa 

received here yMteidsj. X am aboat to start for Obedaba, and should anything new r^ard- 
ing the volcano be ascertained, a fortiier report on the subject will be submitted. 

From Mbnra TSaf 06, Mgooln qf Oheim^a, to the Deputy Conmieeionert Kyoui Pkyoo, 

I beg to report that having been informed that there was an eruption of the volcano in 
the Minbyin CSrole of this Township on the 23rd March last, I sent the following 
questions to Moung Wine, .Tazawoot Gonug of Minbyin, for answer. His answers are given 
against each question 


Queetion. ' 

1. Did the eruption burst out violently P ... 

2. Was itgradualP 

5. To what height did the flames rise P ... 
4. What was the oiionmferenoe of the flame P 

6. How loiq; did the eruption last P 

6. Did the flames give out any smdl P 

7. Was there much smoke P 

8. Was mud alone thrown out? 


Answer, 

The eruption was sudden and violent, gra¬ 
dually subsiding. 

About 900 feet (eie). 

About 450 feet. 

About 9 minutes. 

Yes, that of earth oil. 

Little smoke in comparison with the flame. 
Mud and gravel, no other mineral. 


Notice. 

Irrigation from Wells in the North-Western Provinces and Ondh, by Captain 
J. Clibbobn, B.S.C., Executive Engineer, on Special Duty, Department of 
AgriouUme and Oomm&roe, N.-W. P. and Oudh. In the Prafessional Papers 
on Indian Engineering, 3rd series, Vol. I, p. 103, Boorkee, 1883. 

1. In all the visible and measulable eleinents of the investigation tmdertaken 
by Captain CUbbom, the method adopted seemc to have been thorough, and the 
results obtained must be of great and permanent practical service. By the adop. 
tipn of a unit of work, with values detea^ned by careful experiment, he has 
reduced to comparable form a chaos of information upon the subject in hand 
with referdhce to the depths and capacities of wells and the processes of ‘ lift ’ in 
use. He has moreover applied his method over an immense field of observation, 
extending right across the Gangetio plains from the terai pn the north to the 
Yindhyan scarp on the south, and some 250 miles broad between Agra and 
Fyzabad. The sound facts thus accumulated must indeed be acc^ted as a tnnin 
contribution to the question in view; but there are considerations <xE fundamental 
rather than of collateral importance regarding the distribution and the supply of’ 
water available, upon which much Ijg^t might have been expected from such a 
course pf observation, and upon which the remarks offered by Captain Clibbmm 
are not only defective but misleading; becahse, no doubt, the facts concerned are 
not quite visible or measurable. This branch of the subject has come within the 

of the Geological Survey, so that some notice of the matter is here 

called for. 

2. The question of artesian sources in the plains of India has been discussed at 
some length in these Records (Vol. XIY, poj^ 223, et and the prob^lniity 
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of their oooQirenbe asserted. In the pa|>er nndcfr notice, Captain Clibbom professes 
to show that artesian action is quite incompatible with the strata of the Doab. 
It is necessary to quote two paragraphs to make the position clear 

'*22. LMTing oatdf the qaeetion for the present wells which zeoeiye a supply from peroo* 
lation, we will consider the ease of what are usniJly termed spring (6om) wells, which shonld be 
sank so as to have the end or lower ring firmly imbedded' in the mofa (lajee of clay), thereby 
(if a masonry well) shotting ont from direct entry ^ water overlying it. Now the generally 
adopted theory regarding the nse of the mota for water supply is that it acts as an artesian 
basin, and that the supply entering the well through an orifice which is bored in the clay 
is a veritable spring, canped by the pressure of water from the collecting area of the basin. 

** 28. The facts which are allied to support this theory are JIrtf, that until the mota is 
reached, the water-snpply is easily exhausted. This is contradicted by experience. Sgeondljf, 
that when the hole is bored into the mota a copious supply enters the well, often causing danger 
to the workmen if they do not escape quickly, and sometimes rising above the month. But the 
artesian theory pre-snpposes the comparative continuity of the mota, which is at variance with 
the universal testimony of cultivators, and the facts alleged are easily explained on other grounds, 
vide paras. 26—80. It will also be shown that artesian action is quite incompatible with the strata 
of the Doab.” 

3. This last sentence is a general proposition, and would properly be taken to 
include the whole formation concerned. We aroby no means sure that Captain 
Clibbom does not intend it in this sense, for the strata at greater depths are no 
doubt of the same pattern as those exposed; but as the facts immediately quoted 
(paras. 24-25) regarding the contour of the sub-soil water (although they are 
somewhat irrelatire to the immediate question) can only refer to the ground 
above the level of the rivers, and as no direct allusion is made to deeper artesian 
springs, we may restrict the discussipn to the narrower issue; and upon this it is 
not difficult to show that Captain Clibbom does notneem to understand the need¬ 
ful conditions of evidence or of argument. * We are by no means concerned to 
prove that the 5om-wells are artesian; only, if the facts asserted of them are 
correct, they are essentially of that nature. 

4. The first fact refuted by Oapiaiib Clibbom, in his paragraph 23 just quoted, 
may be said to be irrelative; bull el^en upon the theory he himself adopts it 
is not easy to see how experience can contradict that a deeper well, tapping 
a larger segment of the same water basin, is less easily exhausted than 
a shallower one. Fo/ the ‘ alleged fact ’ of the water rising above the 
surface Captaii^ Clibbom wduld have done well to introduce the plain contradic¬ 
tion argument, as it would be impossible to explain it otherwise than as artesian ; 
and we need hardly say that no attempt is made to do so. For the remaining 
and essential point, that water does rise from below the clay, Captain Clibbom 
adopts a double coarse, to vitiate the opposite view and to offmr a simpler 
explanation; but in both lines of argument m begs the point at issue.. . 

5. It may well be true the clay band is not everywhere continuous; but it 

is ‘altogftW too dry a statement to say that Iho artesian theory pre-snpposes this 
qq^|littui%,/thoagh such an impmsion would readily be ooxiv^edbj the ordinary 
tel^book exposition of artesian conditions, doling with strongly-marked examples. 
Fartial.. aiotion is always possible when percolation along the planes of 

nuud^mpre easy Ihftn acmes them, and &is seems to be a general 
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character of stliitification independently of any visible impervious beds. In 
anticipation of objeotimiB such as this, when the proposal for artesian borings 
in Upper India trere first bronght forward (in 1867), instances were quoted 
showing the compatibility of artesian springs with great irregularities (want of 
continuity) of the depcssits (Selections, Government of India, Home Departqiont, 
No. CIiXXVlII, p. 48. 1881.) This condition then, as framed by Captain 
Clibbom, is artificial. 

6. The first item in the housewife’s receipt for hare soup, beginning with the in¬ 
junction to catch your hare, is of equal importance in discussion—to fix your fact 
before beginning to talk dbout it. When the 6om-wells were quoted as an 
apparent instance of partial artesian action, it was assumed that the enginrer 
who described the phenomenon was aware of the fact that if a tube with a 
diaphragm over the end be depressed into water the fluid will rise to the 
same level inside when the diaphragm is pierced; also, that iu bringing the 
fact of the well to notice he was satisfied it was not an instance of this familiar 
experience, that in fact the waters above and below the clay did not stand at 
the same level, and were distinct, of which indeed he did give strong independent 
evidence in the wholly different nature of the water above and below the clay, 
and this is really, the essential question at issue—whether or uot the two 
water strata are distinct. It appears however that Captain Clihbom has an 
equally implicit conviction on the other side, %r he decides the point with 
a simple assertion (paragraph 27), “the head is the difference of level between 
the water inairlA and outside the well;” and he seems to think that the only 
evidence needed on score is to show how the water would perform the pas¬ 
sage, the fact of free communication between the water tables having been 
assumed. This is the ‘ explanation pn other grounds,’ for which we were referred to 
paragraphs 26—30. It is introduced as ‘ a theory, advanced by Mr. J. S. Beresford, 
^Executive Engineer, Irrigation Department,’ and consists of an exposition, with 
the aid of numerous diagrams, how when sand is forced up with the water 
from below through a hole in the bet> of clay, a hollow must be formed 
in tlie place vacated by the sand, and further how in passing from the upper to 
the lower stratum the water will obey the laws of mechanics. It is all quite 
beautiful in its simplicity, not excepting the omission of the one thing needful, 
even as a blank assertion, that the natural water levels of the^ two strata are 
constantly one and ^he same. Upon this crucial point (which would have set 
the whole matter at rest) one would think Captain Olibboru might have picked 
np some information during his extensive exploration, either by direct observa-. 
tion (not aVery difficult matter), or ‘from the universal testimony of the cul¬ 
tivators without it his ‘ theory ’ is W1 in the air. 

7. This question of the artesian character of the bom-wells is a trivial matter 
in itself, having little or no bearing upon the existence of deep artesian spring, 
and it would hardly have deserved notice here but that the essential feature of 
it—the independence of the water tables—is of much practical importance on 
several counts, and has received notice in these pages (Vol. XIII, p. 273) in 
connection with the reh scourge. In that, discussion, in which the Irrigation 
Department is deeply implicated, the more or less complete and permanent* sepa- 
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ration over very large areas the parssitio vrater (as the Ftench (»11 it) of the 
8iib>8oil and the deeper ground water, has passed without challenge as an admitted 
fact, presumably on the experience of the ^ogineem and the universal testimony 
of the cultivators; and one might have thought that the investigation of the range 
of such conditions would have been an f^jness object of Gapiain Clibbom’s re> 
searehes. It is clear that this fact (if it be one) of the lower water being sweet, 
while the upper is saline, would afford an independent and sufficient proof of the 
separation of the water tables and of the so far artesian nature of any rise of water 
from below the clay; but it is not included in the facts bearing on this point 
noticed by Captain Clibbom, though it certainly has been alleged in that oonnec> 
tion. This might be an oversight; but it is not intelligible how such a fact (or 
statement, if it be not a fact) can have escaped prominent mention in connection 
with the investigation under notice, which included extensive tracts of reh 
land; yet it is not even alluded to. Can Captain Clibbom have found it out 
to be a popular delusion ? His explanation of the bom-well performance would 
certainly imply that it is not a fact. 

8. That the notion of the extensive occurrence of an impure sub-soil water 
permanently separated by clay beds from the ground water is not quite exploded, 
may be gathered from an excellent Report on Beh Swamp and Drainage, by 
Mr. B. B. Oliver, in the same number of the Professional Papers, where quota¬ 
tion is made (p. 9) of a description of such conditions in connection with reh 
land. The same iS described from actual observation over a largo part of the 
Doab in an early notice of the wells in the * Correspondence relating to 
the deterioration of lands’ (Selections,. Government of India, P. W. D., 
No. XLII, 1864, p. 94). 

9. Having mentioned Mr. Oliver’s j^aper, we may venture to notice what might 
be thought a slight confusion in the presentation of the theoretical aspect of the 
question, in Sections IV, Ohemical compoaition and analysis^ and V, Physical theories 
advanced ; and confusion on this side is at the bottom of most practical mistakes, 
leading often to incalculable waste of effort and of money. It is rather under the 
latter of the above sections that onb would look for an account of the origin 
of reh, yet the only explicit statement on this most important point appears 
casually in the opening sentence of Section TV, and the hints given of it in 
Section V are extremely obscure, Tim simple performance which results in a 
crop of reh scarcely deserves to be condemned ;ander thatimuch abused word 
“th^ry,’ it is so obvious when witnessed. Though unacquainted with the 
word ‘capillarity,’ any cultivator probabty has a sound proximate notion of 

' ’the reh crop, how it is connected with poisonous Bub>Boil water which the sun 
suCks up leaving the reh on the snr&ce ; he hnows well top that the bad water 


would not be there if it could gpdt away, and what pmvents it. So far General 
Stescliey^ ‘ physical theory,*^ wbteh Mr, Oliver quotes with approbation, could 
noiwiflVh^P;‘ Inoid*; bat it professed to be “quite sufficient to account 
. wjiple, f^g** (Selections, l.e, p. 57), and as such it is probably the most 

( Stwtehey ever wrote. Bven the few sentences quoted by 
ace i^ni^red mtephievous W fetae opnception they imply regard- 


(dr nobrigia) , of . t^ these sajte aw in the soil ahd 
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have bees there always, having come with the silt from the moantamfj. He even 
goes ont of his way to make the question occult by the interference of ses^regation, 
as in the prodnetitm of flints in the chalk, saying ** so too it seems highly probable 
that from some physical oanse the sulphate of soda, &c., have accumulated in 
certain places on the alluvial deposits of Upper India.” Yet this was written in 
1864 

10. In conclusion we may point out a slight misconception where Mr. Oliver 
notices (p. 10) an apparent contradiction or qualification of opinion as expressed 
in the foUowing quotations from Mr. Medlicott’s reports—As far as the facts 
before me are a guide, I am inclined to the opinion that the canal water is 
the chief source of the salt. I am now speaking of the lands newly affected ” 
(1362); and “ that the reh scourge existed widely before the canals were thought 
of, and this reh constitutes immensely tine greater part of what Itas now to he dealt 
with ” (1878). In the first place, the two statements pointedly refer to different 
ground, new and old reh land; but even if they referred to the same area the 
statements are not logically comparable and might have been written consecutively 
at either period without discrepancy, for they explicitly refer to different things, 
one to the stock of reh in hand, the other to the source of reh. A man might 
surely have little cash in his pockets though having a largo income, or vice versd. 
As a general statement, however, the first one was somewhat misleading, 
although in some land the possible sources o^ fresh reh would certainly be 
less than in the irrigation water. The exaggeration of the partial statement was 
provoked by the dogma then universally accepted that the canal water acted 
solely as a vehicle. 


H. B. Mbdlicott. 


DONATIONS TO THE MUSEUM. 


Barite, from near Masuri. 

Trap and trap road metal, from BdjmahdL 
Coal, from Sanctoria Colliery. 

Mica from Haz&ribdgh District. 


Donors. 
Da. H. Waeth. 
Tbb Eajuahal Stoke Co. 
The Benoai Coal Co. 
Messes. A. E. McIktosh & Go., 


Pyrites, with magnetite, in qnartz, from Simla. 

Ezscctive EiraiirBBB, Siula., 

Braunitc, with psilomelane, from Burha, B&laghat District. 

COLOKBL A% BLOOKFIBLU, DbFCTV COUHIBSIOKBE, BALAOHAT. 
Pnmioe (one specimen with bamaol« attached), picked up at sea 1,000 miles from Java on 
Ist September. 

Caft. Mays, Ship Cleomene, 


A series of American and other minerals. 
Chro mic iron from, Port Blur. 


Db. J. W. Mallbt. 


OaiBP CoHXissioNBB, Abdauait Aitn Nicobab Islands. 
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Graphite, from Nedoorengaod, Travanoore. 

TBlVANBBtriC MVBECrU. 

Paving aetta of Bombay trap, Dalbeattie graDite, and Bardkar aandstooe. 

Cax«nm Tbaxwits Co« 

Caetfl of Phanerotinm en$tatu»^ Archeeoniaris harteana, Palaokinut •pheriens, PenU- 
phyllum adartnee. 

Tbieitt CouiSOB, Dtrsuir, throagh Pbof. Y. Bau. 


ADDITIONS TO THE LIBRARY. 

PfioH IsT July tu 30th SsmiiBBa 1888. 

Title« of Bonkg. ^ Donorg, 

Bbokn’s—E lassen and Ordnnngen dee Thier-Reicbs, 

Band Y, Abth. II, Oliederfussler: Arthropnda, Lief. 9 —10. 

Band VT, Abth. Ill, Beptilien, Liet 38—40, (1883), 8vo., Leipzig. 

CouYN, Thomas db.—S tate of the Philippine lalande, (1821), 8 to., London. 

Dokobt, J. R—Synoptical Tables of Modern Chemistry, Vol. I, Inoiganio Chemistiy, Parts 
1 and II, Non'Metals, (1883), 8Vo., Calcutta. 

Ditbochbb, M. J.—Essay on Comparative Petrol<^y, (1859), 8vo. Pam., Dublin. 

H. B. Mbdlicott, Esq. 

Fbesbsitts, C. R.—Quantitative Chfenical Analysis, 7th Edition, translated from the 6th 
Germhn Edition by A. Vacher, Vol. I, (1876), 8vo., London. 

Pbtab, Mask .—Jk letter to the Proprietors and Managers of the Coal Mines in India, (1869), 
12mo., London. 

H. B, Meducott, Esq. 

Hebb Oswai.©.—F lora Fossilis Arctica, Vol. VII, (1^83), 4to. Zurich. 

Leighton, D. E. W.—The Indian Gold-Mining Industry; its present condition and its future 
prospects, (1883), 8 to., Madras. 

Mojsisoticb, E. V. HND Nbhmayb, M.—Beitrage znr Palaontologie Osterreich-Ungarns 
nnd des Orients, Band III, heft 3, (1883), 4to. Wien. 

MuEABri, Tbailobta Nath.—A Descriptive Catalogue of Indian Produce contributed to 
the Amsterdam Exhibition, 1883, (1883), 8Ta, Calcutta. 

Rbv. Sl Agbi. Dbpt. 

Phbvbs, J. C.—Sur lee Depots ^nvio-Marins d’Age Sdnonien, (1888), 8vo. pam., Bruxelles. 

• Thb Ahthob. 

• 4 

QtrBSSTBDT, Fb. Ato.—H andbttoh der Petrefoktenkunde, Auflage IH, Lief. lO-ll, (1882), 
8vo., Tiibingen. 

Rsotbs, Ews^B.—-Nouvelle Gdi^raphie Universelle la Terre rtlee Hommes* 

VII, L'Asie Orientale. • 

Vin, L’lnde et Llndo-Chine (18^.83), 8vo., Paris. 

The.Norw^an North Atlantic Expedition, 1876-1^8. Meteorology by H. ^ohn, (1883), 
• ; ’4to„ Ohrisfenia, 

" > Thh CJOHMITTEB, N. N. A. Ext. 

The Orientsd Misoe^an^ cpnsisiing of Original Prodnctions and Translations, Vol. I, (1798), 
' Sbom fpfontta. , ' • * ‘ . 

Trigo^nwtry, 4th Edition, (1878), l^b., London. 
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Additions to the Library. 

PEEIOWCAtS, SEBIALS, Ac. 

American Jonrnal of Science, 3rd Seriee, Yol. XXIII, Noe. 137-138; XXIV, Noe. 138-144, 
XXY, Noe. 145-150; and XXVI, Noe. 161-153, (1882-83), 8vo., New Haven- 

Thb Editokb. 

Annalen der Phyeik and Chemie, Nene Folgo, Band XIX, heft 4-5, and XX, heft 1, 

(1883), 8vo., Leipzig. 

Annales dee Mines, Sdrie VIII, Tome III. livr. 1, (1883), 8vo., Paris. 

L'AniriKs. dkb Miiies. 

Annales des Sciei\ce8 Naturellee, 6me. Sdrie, Botanique, Tome XV, Npe. 6-6, (1883), 8vo., 
Paris. 

Annales des Sciences Naturellee, 6me. Sdrie, Zoologie et Paldontologie, Tome XV, No. 1, 
(1883), 8vo., Paris. 

Annals and Magazine of Natural History, 5th Series, Vol. XII, Noe. 67—69, (1883), 8vo., 
London. 

Athenseum, Nos. 2903—2915, (1883), 4to., London. 

Beiblatter zu den Annalen der Physik und tJhemie, Band VII, Noe. 5—8, (1883), 8vo., 
Leipzig. 

Bibliothfeque Universelle. Archives des Sciences Physiques et Naturellee, 3me Pdriode, Vol. 
IX, Nos 6—6, (1883), 8vo., Genbve. 

Bibliothbque Universelle et Bevue Suisse, 3ine Pdriode, Tome XVIII, No. 54, and XIX, 
No. 55, (1883), 8vo., Lausanne. • 

Botanisches Centralblatt, Band XIV, Nos. 10-13, and XV, Nos. 1—6, (4883), 8vo., Caesel. 

Chemical News, Vol. XLVU, Nos. 1229—1231, and XLVIII, Nos. 1232—1241, (1883), 4to., 
London. 

Colliery Guardian, Vol. XLV, Nos. 1171—1174; and XLVI, Nos. 1175—1183, (1883), fol. 
liondon. 

Das Ausland, Jabrg. LVI, Nos. 24—3fV (1883), 4to., Miinchen. 

Geological Magazine, New Series, Decade II, Vol. X, Nos. 7—9, (1883), 8vo., London. 

Iron, Vol. XXI, Nos. 644—546; and XXII, Nos. 547—566,*(1883), fol., London. 

Journal of Science, 3rd Series, Vol. V, Nos. 114—116, (1883), 8vo., London. 

9 Thb Editob. 

Just, Db. Lbotolu. —Botanischer Jahresbericht, Jalrrg. VIII, Abth. I, and Abtb.II, heft I, 
(1883), 8vo., Berlin. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science, 6th Series, 
VoL XVI, Nos. 97—99, (1883), «vo., Londoq. 

Mining Journal, with Supplement, Vol. LIU, Nos. 2494^2606, (1883), fol.f Loudon. 

Natur® Novitates, Nos, 11—16, (1883), 8vo., Berlin. 

Nature, Vol. XXVUI, Nos. 711—723, (1883), 4to., London. ^ 

Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie, Jahrg, 1883, Baud II, heft ■ 
1 and 2, (1883), 8vo., Stuttgart. 

Fbtsbiiahh's Geographische Mittheilungen, Band XXIX, Nos. 7—8, (1883), 4to., Gotha. 

„ , „ Supplement No. 72, (1888), 4to., Gotha. 

Frofesskmal Papers on Indian Engineering, 3rd Senes, Vol. I, No. 2, (1883), fisc., Boorkee. 

Thomason Couuoe op Civie Enoinebbino. 
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m 


Meeords of the Geologieitl 8urv^ of India, 


[voL. XVI* 


GOYEHNMEl^ SELECTIONS, BEFORTS, &o. 

BoiCBAT.--GB 2 etteer of the Bombay Pmidenqr, Yols. YII aitd XI, (1883), 8 to., Bombay. 

BOHBaY Govbbhmbvv* 
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MADBA8.->Annaal Report on the Saidapet Farm for 1880-81 to 1881-82, (1881-82), flsj., 
Madras. , 

> SnFSBINTBKDBNT, GoYBBNMBNT FaBHS. 

„ Annual Reports of the Superintendent of Government Farms, Madras, for 1870-8O 
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SVPBBINTKKDBNT, GoVEBBRBNT FaBUS. 
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Sitzungsberichte der konig. Preuss. Akademie der Wissenschaften, Nos. 1 to.^, 
(1883), 8 VO., Berlin. 
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„ Zeitsohrift der Deutschen Geologischen Gesellsohaft, Band XXXV., heft 1-2, 
(1883), 8vo., Berlin. 
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BoIiOONA. —Congrbs Geologique International a llologne. Guide a 1' Exposition Gdologique 
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The Conobess. 
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Bombay. —Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVI, No. 41, 
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Bbistoi.—A nnual Report of Bristol Naturalists’ Society for the year ending 30th April 
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„ Proceedings of the Bristol Naturalists’ Society, New Series, Voll IV., pt.l, 
(1883), 8vo, Bristol. 
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8vo., Bruxelles. 
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Bhdafbst.— jfoldtani Eozlonj. Han Folyoirat Eiadja a Magjarboni Foldtaui TSrsalat* 
Edtet XIII; fiizei 1—3, (1883), 8to., Budapest. 
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„ Mittheilongen aus dem Jahrbuohe der Eon. Ungarisehen Qeologischen Anstalt. 
Band VI., faefb. 3 and 4, (1882), 8ro., Budapest. 

The Isstitutb. 

ClXCTTTTA.—Calcutta University Calendar, 1883'84l^ (1883), 8vo., Calcutta. 

H. B. Medlicott, Esq. 

„ University of Caleutta. Minutes for the year 1882>83, (1883), 8vo., Calcutta. 

H. B. Meoxicott, Esq. 

„ Catalogue of the Library of the ludiau Museum, (1878), 8vo., Calcutta. 

H. B. Medlicott, Esq. 

„ Journal of the Asiatic Society of Bengal, New Series, Vol. LII, Part I, No. 2, 
(1883), 8vo., Calcutta. 

Thb Societv, 

„ Proceedings of the Asiatic Society of Bengal, Nos. IV—VI, (1883,) 8vo., 
Calcutta. * 

• The Socibtt. 

„ Memoirs of the Geolr^cal Survey of India, Vol., XIX, pt. 4, (1883), 8vo., Calcutta. 

Gboxooicax Spbvby of India. 

„ Palseontologia Indies, Series X, Vol. II, pt. 5, and XIII, Vol. 1, pt. 4 (fasc. 2), 
(1883), 4to., Calcutta. 

• • Geoxogical Sobvey of India. 

„ Eecords of the Geological Survey of India, Vol. XVI, pt. 3, (18S3), 8vo., 
Calcutta. 

Geoxooicax Sdbvet of India. 
Cahbbidgx. —Proceedings of the Cambridge Philosophical Society, Vol. Ill, pts. 1—8, and 
IV, pts. 1—5, (1876-83), 8vo., Cambridge. 

Thb Society. 

„ Transactions of the Cambridge Philosophical Society, Vol. Xl, pt. 8, XII, pts. 
1—3, anfl XllI, pts. 1-2, (1871—1882), 4to., Cambridge. 

• . The Society. 

CambbidgK, Mass.— Bulletin of the Museum of Comparative Zoology, Vol. VII, No 9, arid X, 
Nos. 5—6, (1883), 8vo., Cambridge. 

The Mtisedii of Comparative Zooxogy. 
Cassbx.—B erioht des VereiuM fur Naturkunde zu, Cassel, XXIX and XXX, (1883)", 8vo., 
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^ .Thb Society. 

l^BHSi BvhA-’A ccount of the Opcfudions of the Great Trigonometrical Survey of India. 
Voh IX, (1883), 4to., Debra Dun. 

Sitbtbyob'Gbkebax of India. 
Synopsle of the Results of the Operations of the Great Trigonometrical Survey 
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Sdbvbyob-Gbnbbax of India. 
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Dbsbdbk**— Sitzungsberiohte tmd Abbandlungen der NaturwissenRcbaftlichen Geaells* 
choft Isia in Dresden, Jabrg. 1883, Januar bis Juni, (1883), 8vo., Dresden. 

Thb Sooibtt. 

OtAsaow.—^The Glasgow UniTersity Calendar for 1888-84, (1883), 8vo., Glasgow. 

■ Thb Unitbbsitt. 


Habbisbubo. —Second Geological Survey of Pennsylvania. Report of Progiess, 6. 6, 1881, 
(1882), 8to., Harrisburg. 

Pbof. J. J. Stbvbkson. 

Lobdok. —Journal of the Anthropological Institute of Great Britain and Ireland, Yol. XII, 
No. 4, (1883), Svo., London. 

„ Journal of tlie Society of Arts, Vol. XXXI, Nos. 1594—1607, (1883) 8vo., London. 

Thb Society. 

, List of the Fellows, &c,, of the Zoological Society of London, corrected np to 
May 1st, 1883. (1883), 8vo., London. 

Thb Socibtt. 
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(1883), 8vo., London. 
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M ADBAS.—Madras Journal of Literature and Science for 1878—1881, (1879—82), 8vo., Madras. 
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Madbih.— Boletin de la Sociedad GeograBca de Madrid, Ycd. XIY, Nos. 5-6, (1883), 8vo., 
Madrid. * . 

The Society. 

Mahchestbb. —Transactions of the Manchester Geological Society, Yol. XYII, pts. 8-9, 
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* The Society. 

MbIiBourkb. —Mineral Statislics of Yictoria for the year 1882. (1883), flsc., Melbourne. 

Mining Dbpaetmbnt, Yictoeia. 
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Mining Depabtubnt, Yictoeia. 
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1-2, (1881-82), 8vo., Milano. • • 

The Society, 



«f6 


Meeordi of the Oeologieal Bnrvey of India, [vol. tti. 


]IUKC2BV.~AbhaQdlungen der Matb.>Ph 7 B. Classe der k. b. Aka^mie der WiBaenscbafteii, 
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8to. Torino. 
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